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A(juarium at all times when it is open. On Sundays, but not on 
week-days, they may introduce two visitors with them. These 
privileges are personal and cannot he transferred. For admission 
lo the Aquarium of other friends whom thoj' have admitted to the 
Gardens by Sunday tickets they may purchase from the Oftice 
liooks of 20 tickets for £1, or a smaller number at the same rate, 
each ticket admitting one adult or two children on Sundays or 
week-days. Fellows may also purchase a traiisftTable Aqcariu.m 
I voaY Ticket, for .£10, valid for the whole duration of the 
Fellowship and admitting daily, on Sundays or week-days, two 
persons who have already gained admission to the Gardena. 

Fei.lows have the juivilege or receiving the Societ}’w ordinaiy 
INiblicutions issued during the year upon payment of the additional 
8ubscrij>tion of One Guinea. This Subscription is due \ipoii tlie 
Ist of January, and must be paid before the day of the Aiiniversar\ 
Meeting, after whicli tbe privilege lai)ses. Fellows are likewise 
entitled to purchase these Publications at 25 per cent. h‘ss than 
the price charged to the public. A further reduction of 25 per 
cent, is also made upon all purchases of Publicauons issued prior 
to 1881, if above the value of Five Pounds. 

Fellows also have the privilege of subscribing to the Annual 
Volume of ‘ The Zoological Record,’ which gives a list of the Works 
and Publications relating to Zoology in each year, for th© sum of 
Two Pounds Ten Shillings. Separate divisions of volumes 39 
onwards can also be supplied. Full particulars of these publica- 
tions can be had on application to tbe Secretary. 
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Fellows may obtain a Tiiansferable Itoht Ticket admitting 
two persons, available throughout the whole period of Fellowship, 
on payment of Ten Pounds in one sum. A second similar ticket 
may be obtained on payment of a further sum of Twenty Pounds. 

Any Fellow who intends to be absent from the United Kingdom 
during the space of at least one year, may, upon giving to the 
Secretary notice in writing^ have his or her name placed upon the 
“dormant list,” and will then be called upon to pay an annual 
subscription of .£1 only during such absence, or in the event of 
returning to the United Kingdom before June 30th in any year to 
pay the balance of the ordinary subscription. After three years a 
Dormant Fellow must make a further application to be retained on 
that list. 

Any Fellow, having paid all fees due to the Society, is at liberty 
to withdraw his or her name upon giving notice in writing to the 
Secretary. 

Ladies or Gentlemen wishing to become Fellows of the Society 
are requested to communicate with “The Secretary.’^ 

P. OHALMKIIS MITCHELL, 

Sfcretarg, 

B.«»gent ’0 Park, London, N.W. 8. 

January, 1928. 


MEETINGS 

^ OF TWE 

ZOOLOGICAL SOCIETY OF LONDON 

FOR 

SCIENTIFIC BUSINESS. 


1928 . 


Tuesday, February 7 and 21. 

MARcn 0 „ 20. 

April 3 „ 17. 

May 1 „ 15. 

June 5 — 


7%e Chair will he taken at half-^past Five o'clock precisely. 




ZOOLOGICAL SOCIETY OF LONDOM. 


LIST OF PUBLICATIONS. 

This scientific publications of the Zoological Society of Loudon 
are of two kinds — Proceedings/^ published in an octavo 
form, and Transactions/’ in quarto. 

According to the present arrangements, the ** Proceedings” 
contain not only notices of all business transacted at the scien- 
tific* meetings, but also all the papers read at such meetings 
and recommended to he published in tlie Proceedings ” by 
the Committee of Publication. A large number of coloured 
plates and engravings are issued in the volumes of the 
“ Proceedings/’ to illustrate the new or otherwise remark- 
able species of anitnals described therein. Amongst such 
illustrations, figures of the new or rare species acquired in a 
living state for the Society’s (hardens are often given. 

The “Proceedings” for each year are issued in four parts, 
paged consecutively, during the months of March, June, 
September, and December. Prom January 1901 they have 
been issued as two half-yearly volumes, indexed separately. 

An “ Abstract of the Proceedings ” is published by the 
Society on the Tuesday following the date of the Scientific 
Meeting to which it refers. It is issued along with the “ Pro- 
ceedings,” free of extra charge, to all Pellows who subscribe to 
the Publications, but it may be obtained on the day of publi- 
cation at the price of Sixpence, or, if desired, sent post free 
for the sum of Six Shillings per annum, payable in advance. 

The “Transactions” contain such of the communications 
ma<le to the Scientific Meetings of tlie Society as, on account ol' 
the nature of the plates required to illustrate them, arc better 
adapted for publication in the quarto form. They are issued 
at irregular intervals. 

Pellows and Corresponding Members, upon payment of 
a Subscription of One Guinea before the day of the Anni- 
versary Meeting, are entitled to receive the Society’s 
Publications for the year. They are likewise entitled to 
purchase the Publications of the Society at 25 per cent, less 
than the price (diarged to the Public. A further reduction 
of 25 per cent, is made upon purchases of Publications 
issued prior to 1881, if they exceed the value of Pive 
Pounds. 

Pellows also have the privilege of subscribing to the 
Zoological Record for a sum of Two Pounds Ten Shillings 
(which includes cost of deliverer), payable on the 1st of July 
in each year ; but this privilege is forfeited unless the 
subscription be paid before the 1st of December following. 

The following is a complete list of the publications of the 
Society already issued. 
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I In cow*equeTice of a re-arrntigement of the stock of the ‘ Transactions/ the Society is 
now able to offer for sale, at the reduced price of £30, sets of Vols. V.~XVI. inclusive. 


PROCEEDINGS OF THE COMMIITEE OF SCIENCE AND 
CORRESPONDENCE OF THE ZOOLOGICAL SOCIETY OF 
LONDON. 8vo. 2 vols. (Letterpress only). 

Fellows. Public. 

Part I. 1830^1. 1 vol. 8vo,, out of print. 

„ IL 1882. 


ft 


.. is, 6d 6#. 



PROCEEDINGS OP THE ZOOLOGICAL SOCIETY OF LONDON. 

First Series. 

Parts l.-XV. (1838-1847). 8vo. 15 vols. (Letterpress only.) Price to 
Fellows : 4ff. 6d. each part ; to the Public^ 6s, 

Index 1830-1847. Price to Fellows : 4$, 6d, : to the Public, 6$. 

Parts L, VII.-IX., XL, XIV., XV., out of print. 

Second Series. 

Parts XVI. -XXVIII. (1848-1860). 8vo. 13 vols. (Letterpress only.) 
Price to Fellows : 4^. 6d, each part ; to the Public, 6^. 

Index 1848-1860. Price to Fellows : 4s. 6d, ; to the Public, 6#. 

The Fftrts of this series contniniug Coloured Plates are out of print. 


PllOCMEDINGS OP THE SCIENTIFIC MEETINGS OF THE 
ZOOLOGICAL SOCIETY OF LONDON. 8vo. 


Letterpres. only. With Plaies 

Pnof to Pric. to th. Prioe to 

Follow.. Pnblio. Follow.. 

1801 . . 4«. (W 0* 9j. 

1862 .. 4». tW 6i 9s. 

1803 . . 4(1. Od C» 9.. 

1864 .. 4». Od Oj.* 9». 

1806 .. 4.. till. .... Cs.t 9i. 

I860 . . 4s. Od. . . . . 6».t 9«. 

1867 9». 

1868 9*. 

1809 9«. 

1870 9s. 

Index, 1861-1870 4s. 6d. . 

1871 9i. 

1872 9s. 

1873 9s. 

1874 9s. 

1876 9s. 

1870 9s. 

1877 9s. 

1878 9s. 

1879 9s. 

1880 9s. 

Index, 1871-1880 4s. 6d. . 

1881-1890. Ten volumes .... Each .. 

Index, 1881-1890 4e. 6d. . 

1891-1900. Ten volumes .... Each .. 
Index, 1891-1900 4s. 6d. . . 


uncoloureil. With Plates coloured. 

Prtoo to the Price to Price to the 

Pohlie. Fellcws. Pohlie. 

. . 12s 33s. U .... 46s.t 

.. 12s 33s. 9d. .... 46s.+ 

. . 12i 33s. 9d 46s. t 

. . 12s.t 33s. 9d. .... 46s.* 

.. 125 83s. 9d. .... 46s. 

. . 12s.t 33s. 9d. .... 46s 

.. 12s.* .33s. 9d. .... 46s 

. . 12s 38s. 9d 46s. 

. . 12s 38s. 9d 46s. 

, . 12s 3Ss. 9d. .... 46s. 

.. 6s. 

.. 12s.* 88s. 9d. .... 46s.t 

.. 12s.* 33s. 9d. .... 45s.t 

. . 12s 33s. 9d 46s. t 

.. 12i.t 36s 48s.t 

. . 12s 36s 48s. 

..12s 36s 48s.t 

.. T2s 86s 48s. 

.. 12s 36s 48s. 

..12s 36s 48s. 

..12s 36s 48s. 

.. 68. 

36s. .... 48s 

.. es. 

36s 48s. 

.. es. 


* He perfiMt eopiea is etook. 


t Out of print. 



PROCEEDINGS of thb GENERAL MEETINGS for SCIENTIFIC 
BUSINESS OF THE ZOOLOGICAL SOCIETY OP LONDON 


(continued). 

1901 -191 0,* Twenty volumes 

Index, 1901-1910 

Index, 1911-1920 

1911-1916.t Twelve volumes . 
1917. Vol. 1 


1918. Two volumes 

1919. Two volumes 

1920. Vol. I 


1921. Two volumes 

1922. Two volumes 

1923. Two volumes 

1924. Two voluujea 

1925. t Two volumes 

1926. Two volumes 

1927. Vol. I 


Frioeto Fiioetothi* 

FbIIowi, Public. 

Each 185 245. 

.... 45. Qd 65. 

85 IO 5 . 

185 245. 

I85 245. 

9.? 1 25. 

.... 95 128 . 

.... ir)5 205. 

.... 158 205. 

.... J85 245. 

.... 185 24s. 

.... I85 245. 

.... 185 24.5. 

.... 185 245. 

I85 245. 

.... 18s 245. 

.... I85 245. 


* 1908 out of print. t 1911 out of print. 

I 1925, Vol. 1., out of print. 


CATALOGUE OP THE LIBRARY ot the Zuologicul SSocicly of 
Jjondon (Fifth Edition.) bvo. 1902. Cloth, 65. 

THE OFFICIAL ILLUSTRATED GARDEN GUIDE-24th Edition 
(Revised) — with (1) a Railway and Street Map; (2) a J^lun ot 
the (irounds; (3) a short description of some of tht* principal 
animals in the Collection, with 52 Photographic Illustrations 
and Index. Price Is. in 8tilf Paper Cover, postage 

ILLUSTRATED GUIDE TO THE AGUARIUM. Price Od, 
postage 2d. 

ZOOLOGICAL RECORD. — Vol. 63, containing literature relating 
ehielly to the year 1926, has now been published, price £3. 
Vol. 64, for the year 1927, is being prepared as usual, price 
£3, or subscription, if paid in advance, £2 JO5. Od. 


Regent’s Park, London, N.W. 8. 
January 1928. 


P.CHALMEllB MITUHELL, 

Secretary. 


These publicutmis may be obtained at the tSociKiYb Offjou 
or through any hooksaUer, 





Radiographic norma lateralis of the Orang 




SEVEN Gorilla Skulls 




ASALI5 OF TWO CHIMPANZEE SkULLi 






Radiographic norma basalis of two Orang Skulls 




or THREE Old Wor 




PIt()CEKI)IN(JS 


OF THE 

GENERAL MEETINGS FOR SCIENTIFIC BUSINESS 


ZOOLOGICAL SOCIETY OF LONDON 


PAPERS. 

lil. Tlio Skull, the Facts and tin? Teeth of Primates, with 
special reference to Dolichocephaly and the (knitres 
of Growth in the Face. — Part I. By 11. A. Haiuus, 
F.Z.S., Institute of Anatomy, University College, 
London. 


I Keceived May ‘20, 11)27 : Head May 24, 1927.] 

(Plate.s J.-VJ.*) 

A rapid method of obtaining the breadth-length ratio for the 
endocranial (an ity of the dried skull was described recently by 
the author ( 1 ). This method, based on the radiography of the 
skull mounted in the Frankfurt phine, yields a norma lateralis 
and a norma basalis of known magnitication. This method has 
the advantage of .speed, simplicity and precision, and eliminates 
those enoi's vvhicli characterize actual measurements of the 
outside of the .skull. The true endocranial dimensions are 
obtained irrespective of the varying degree of develo[uuent 
of the air sinu.ses of the sagittal and occipitid crests, ami of 
th(^ .su[)ra orbital crest .s. 

The material inchide<l in this preliminary survey consists 
of 50 gorillas, 13 chimpanzees, 18 orangs, 5 gibbons, 26 Old 
World immkeys, 3 New World monkeys, and 2 lemurs. I 
am particularly indebted to Lord Rothschild (2) for the loan 
of the magnificent colk'ction of gorilla skulls ; to Professor 
Shellshear, of Hong Kong, and to Professor Le Oros Clark 
for orang .skulls; and to Dr. Beattm, Anatomist to the Zoological. 
Society, for most of the monkey skulls. My thanks are due 
to Mr. Melville, the departmental radiographer, for valuable 
help and assistance. 

* For e.vplaimtion of the Pl«te« see p. 602. 

Proc. Zool. SOC.--1927, No, XXXIIl. 
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MR, H. A. HARRIS ON THE SKULL, 


The methods employed consist of the determination of : — 

A. The Cranial Capacity^ by Flower’s method of filling the 

skull with mustiird seed and emptying the seed into a 
graduated cylinder by means of a large funnel, the stem 
of which was cut short, the bore at the exit being 2 cms. 

B. The Facial Index of Bolk (3). The greatest breadth is 

measured between the right and left points at which the 
zygomatic arch bends itself round into the oi bital margin. 
Tl)e greatest length is measured in profile fiom the highest 
point ill the mid-line of the crista supra-orbitalis to the 
anterior margin of the premaxilla between the central 
incisors. 

C. The Fmdocranial Ratios for length, breadth, and height. 

'Phe maximum length of the skull is measured from the 
Fronton to the Occipiton of Bolk (3) on the iwliogram 
of the norma lateralis (PI. I.). 'Phe maximum height is 
measured from the Frankfurt plane to the highest point 
of the vertex on the radiogram of the norma lateralis. 
The maximum breadth is measured on the norma basab's. 
These three <limensions are reduced to the absolute by 
dividing by the factor of magnification of the radiogram. 
This method is checked by actual measurements on those 
skulls which happen to be sectioned in halves. 

D. The Centnd Canal of the Chin^ the Mental Foramina and the 

Infraorbital Foranmia. have been surveyed. 

Wherever a particular observation could not be made owing 
to the incomplete character of the skull, a blank space is 
left in the tabulated summary. A cipher, on the other hand, 
indicates absence in a. complete specimen. In the case of 
multiple foramina, the number is indicated. In the case of the 
central cana.1 of the chin, presence is imheated hy the positive 
sign ( + )? wnd absence is indicated by a blank. The accom- 
panying summaries (Tables l.-VJ.) indicate the actual observa- 
tions, with a statement of the average, maximum and miiumum, 
for etich group. 

A. — Cranial Capacity. 

The figures given for cranial capacity are, as Todd and 
Kueuzel (4) have pointed out, open do serious objection, for 
no method has an error of less than 3 per cent. A comparison 
of the cranial capacity recorded by other ohserveis with the 
results here tabulated indicates that the range of variation 
is a very wide one, and that as the number of skulls examined 
increases, so the range of cranial capacitj^ will extend. For 
example, Oppenheirn (5) gives the range of cranial capacity 
in the gorilla as 370 -585 c.cs. The Rothschild series extends 
from 306-625 c.cs., and Bolk records a capacity of 655 c.cs. 
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Table J. — Gorillas (50). 
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Aver. . . . ! 

486 

180*1 

79 3 

62-7 i 

79*4 . 

111 

104 : 1-56 rei 

Mar. . .1 

662 

120*2 

86-8 

71*4 I 

87-6 ; 

3 

1 

2 , 

3 1 

Mill. • 

366 

92*9 

72 1 

55*6 j 

09 3 ! 

1 

1 1 

1 j 

M 


33 * 
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Whereas most of the gorillas examined are adult, the chimpanzees^ 
oraiigs, and monkeys in this series contain a large proportion 
of juvenile skulls, and the miniinum capacity for the orang and 
gibbon falls short of the miniinuiu given by Oppeuheim. 


Table U. —Chimpanzees (13). 


No. 

_ 

! 

Cranial 

Capacity 

in 

C. C9. 

B'acial 

Index 

of 

Bolk. 

' Hadiograpliic 
Kndocranial Hatios. 

' B : L. H : L. H : B. 

Central 

MtMital 

Canal. 

Me 

Fora 

R. 

ital 

men. 

L. 

Inf 

orb 

Fora 

R. 

ra- ' 
itul 1 
nten. 

L. 1 

1 

Z. 30 

263 

l()8-0 

HO 8 

64 6 

79-7 


1 

1 

1 

1 

C,k.Ud 

279 

104-9 

86-4 

71-8 

83-1 

+ 

1 

1 

- 1 

1 

13 

283 

112-9 

1 83-0 

65*1 

78-4 

+ 

1 

1 

1 

1 

n. 1 

297 

111-3 

1 88-8 

65-4 

73-6 

+ 

1 

1 

2 

2 

Z. 36 

303 

114-5 

1 86-4 

66 4 

76 9 




2 

2 

31 

320 

104-4 

j 85 0 

63 7 

74-9 


1 

1 

1 1 

o 

■“ 

C.A.14 

340 

117-6 

1 (M 7 

69*4 

75*7 

+ 

i 

1 

2 

2 

1 Uc 

341 


i 813 

66*7 

68-1 

4- 

1 

1 

3 

3 1 

! 14 rt 

347 

115-1 

82 8 

60*7 

73-3 

f 

1 

1 

2 

3 i 

1 ]4& 

357 

1051 

79-7 

59*3 

74*4 


1 

1 

1 

2 ' 

' Z 39 

357 

110-6 

85-3 

68-1 

79-8 

+ 

1 


1 

3 1 

C.A.ll 

367 

loo-o 

i 85 5 

62-4 

73-0 


1 

1 

3 

1 

; 12 

370 

106-7 

I 86-1 

661 

70*8 

+ 

1 

1 

3 

; 4 ' 

' No. of ) 
SkulU. ) 

13 

12 

13 

. 13 

1 13 


12 

12 

13 

13 

Aver. 

325 

109-3 

85 0 

■ 64 6 

i 70*0 


1 

1 

'1-77 

2-0*3 

Max. 

370 

117-6 

' 91-7 

; 71-8 

! <33-1 


1 

1 

3 

4 ' 

Min. .. 

263 

100-0 

79-7 

56-7 

! 68-1 


1 

1 


1 ' 


Table III. — Gibbons (f)). 







I i 



Jntni- ' 


Cranial 

Facial 

Radiographic a i ' 

Endocraiiial Hatio.s. i 

Mental 

Orbital 1 

No. 

Capacity 

Index 

of 

Bolk. 

Foramen. 

Fonunen.; 


c. cs. 

B : L. 

H = L.' 

H • B. 

R. 

L. 

K 

1 

!'• 1 

_ -1 

Z. 3 

65 

147 5 

87 3 

63-4 

72-6 ' 

1 

1 

1 

t 

1 

C.A. 43 

66 

1P6-7 

75*7 

66 8 

75 0 + 

1 

1 

1 

1 1 

42 71 

L59-4 

82*9 

62-9 

7r>-9 

1 

1 

1 

1 j 

31 

90 

166-7 

86-5 

58-1 

67-2 1 

1 

1 

2 

J 

Z. 33 

96 

134 1 

84-6 

641 

7r>*8 

1 

1 

1 

1 i 

No. of > 
Skulls. ) 

6 i 

5 

5 

1 1 

5 

O 1 

5 

1 5 

5 

5 i 

Aver. ... 

78 

154-9 

83*4 

61-1 

! 73 3 

1 

i 1 

! 

1 1 i 

Max. 

96 

166-7 

! 87-3 

<V4-3 

1 75 9 

1 

} 1 

' 2 

1 i 

Min. . 

65 1 

134 1 

i 75-7 

56-8 1 

1 67-2 1 1 

1 

1 

1 1 

^ ! 


B. — Facial Index of Bolk. 

Leptoprosopy, as distinct from cbanuTprosopy, occurs in nine 
gorillas, two orangs, and in one Old World monkey, which 
is Papio hamadryas. The gibbons are markedly broadfaced, 
and among the Old World monkeys this character reaches a 
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maximum in Macacua faacicularis and Hemno'pitliecaa^ A com- 
parison of the latter monkeys Avitli the gibbon, the most 
primitive anthropoid ape, is much needed. 

0. — Radiographic Estdocuanial Ratios. 

The (juestion of dolichocephaly in the Primates was revived 
by Diirt s (6) interesting discovery of Ansiralopithecua africanus, 
l)a.rt, in describing this undoubted distinct genus of the ape 
family, says: ‘‘The wliole cranium displays humanoid rather 
than anthropoid lineaments. It is markedly dolichocephalic 
and leptoprosopic.*^ Keith (7) layxs great stress on this character, 
and adds: “Even if it be admitted that the Anstralopithecua 


Table IV.— O HANGS (19). 



I 

j 

— 


■ 


“ “ “ 



1 Infra- 



Cranial | 

Facial 

Rad 10^1 a pine 


Mental 

; oihital 

No, 


Cupicit3’ 1 

Index 

Kiuioi* 

ranial 1 

iiatlUB. 

Central 

Mental 

Foramen 

jForameii. 



C. ( ‘v. 

Hoik. 

H . L. 

H • b. 

11 : H. 

('anal. 

R. 

L. 

K. 

1 ^'* 

J.S. 

s' 

259 

120'0 

91-7 


1 


2 

1 

i 2 

2 


7 

270 

120’ 0 

90’« 

72*9 

80 1- 


I 1 

1 

i 2 

2 

L.tbC 

\3 

272 

105’ 7 

loo 0 

08’0 

08*0 


1 

1 

2 1 

3 

J.S. 

G 

2Hl ! 

130 1 

92 1 

• 73-1) 

79 3 ! 


1 2 

2 

.7 1 

1 

L.G.C 

\ 1 

311 1 

lU 1 

80*2 

07 2 

; 78 0 1 


1 1 

1 

3 

' 3 

J.S. 

3 

320 ‘ 

118 0 

89-6 

09*0 

1 78 9 ! 


1 

1 

2 ' 

2 


■I 

330 1 

lOO 2 

81*3 

07*0 

80*2 , 


1 

1 

1 

1 

C.A. 


339 

123’3 

80 1 

00*0 

i 09*7 , 


1 

1 

2 ; 

2 


21 

339 

!> 0'4 

88 8 

OPh 

, 73 0 ’ 


: 1 

1 

3 , 

2 


21 

3r)(‘ 


88-7 

70*4 ' 

79 3 ; 

+ 

- 1 

1 

2 

2 

K. 

2 

351 

lC»0'O 

90*1 

77 5 

80*0 1 


‘ 1 

1 

1 ^ 1 

3 

O.A. 

25 

355 

lOFl 

80 2 

03-8 

79 0 ! 


1 

2 

3 1 

2 

J.S. 

5 

333 

103-5 

90 8 

73 1 

80 6 1 


' 2 

2 

1 2 ' 

3 

1 Z. 

32 

UK) 

103’4 

80-4 

00 9 

77*1 


; 1 

1 

5 1 

4 

1 


^14)2 ' 

112-4 

81*5 

70*0 

80*0 1 


a 1 

1 4 

3 1 

2 

K. 

3 

: 


, 80-5 

Ol'O • 

75'8 1 

+ 


3 

3 ; 

3 

J.S. 

2 

420 : 

lOo 3 

89-0 

07 0 ' 

75*3 1 


2 ' 

2 

2 

2 


1 

125 


SO 9 

07*2 ■' 

77*3 j 


1 i 

1 

1 

1 I 

.> 

1 No. of ) ' 
‘Skulb. 3 

18 

17 

18 

17 i 

1 



! 

18 j 

18 

IR 1 

18 

Avi*r. 


345 

1101 

87*9 

08*3 > 

77 4 , 


1*39 

1*6 

2-3» 

2*39 

Mav. 

' 

425 

13()’4 

100*0 

77 5 ; 

80 0 , 


3 

4 

5 : 

4 

Min. 

1 

259 

91*2 

' 80*2 

00 0 ; 

68*0 , 


1 

1 

M 

1 


is an anthropoid ape, it is a very remarkable one. Jt is a 
true long-headed or dolichocephalic anthropoid — the first so far 
Rolk (3) has published a description of the sole 
dolicliocephalic gorilla in the Amsterdam collection of fifty 
skulls. Oppenheini had previously recorded two cases of 
dolichocephaly in the gorilla. In the Rothschild series of gorilla 
skulls here examined, dolichocephaly is seen in eight skulls 
out of fifty. The eight dolichocephalic skulls are distinct 
from the nine leptoprosopic skulls, so that there is no close 
correlation between these two characters of head-length and 
face-length. However, Bolk’s dolichocephalic gorilla was also 
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Table Y. — Old World Monkeys (26). 


j 

! No. 

Cranial 

Capacity 

in 

c. cs. 

Facial 

Index 

of 

Hoik. 

Ra<liosrrapliic 
Endociaiiial Ratios. 

Central 

Mental 

Mental 

Foramen. 

Infra- j 
orbital i 
Forninen.l 

1 

H • L. 

. - 

11 : L. 

H: B. 

Canal. 

R. 

L. 

R. 

L. i 

; Z. 22 

49 

104-2 

7SV7 

57 4 

08-6 

+ 

2 

2 

T 

“n 

' 17 

55 

128-6 


69*7 

80*0 


1 

1 

3 

! 

14 

62 

127-8 

7.V3 

64*8 

72*8 

+ 

1 

1 

o 

3 ' 

12 

63 

123-7 

76*1 

56*3 

74*0 

+ 

1 

1 

4 

3 

9 

64 

124-4 

81*4 

57 1 

70*1 

+ 

1 

1 

.> 

2 

: ifi 

65 

119-5 

77*0 

66*8 

73 8 


2 

1 

2 

4 ' 

' 4 

68 

125() 

70*3 

52*6 

68*9 

+ 

1 

1 

3 

2 1 

8 

68 

119-5 

80*0 

60-0 

75*0 


1 

1 

3 

3 1 

iO.A. 46 

68 

163-5 

83-8 

61 8 

73*7 


1 

o 

3 

3 i 

, Z. 28 

60 

118-0 

76*7 

55*5 

73 7 

+ 

1 

2 

2 

3 

i 

71 

129-3 

80 3 

60*6 

75*5 


1 

2 

3 

2 

16 

72 

nri 

79*5 

54 8 

68*9 

4- 

1 

1 

3 

3 ’ 

O.A. 46 

73 

75 

120 9 
121*7 

75*7 
80 6 

58 1 
62*5 

76*1 

77*5 

+ 

1 

1 

3 

3 

4 

a 

Z. 21 

75 

1140 

85 9 

02*0 

72 2 


2 

o 

3 

4 

13 

77 

' 120 0 

77*3 

53 3 

69*0 

+ 

1 

1 

3 

3 

2 

78 

; 110-0 

75*6 

52*6 

09*0 

+ 

2 

2 

4 

2 ' 

1 1^1 

78 

119-0 

76*0 

50 0 j 

73 7 ; 


o ; 

1 

2 

2 

1 

80 

109-8 

79 7 = 

50*6 : 

74 8 ' 

+ 

2 

2 

3 

i» 

1 16 

80 

120*7 ' 

81*1 . 

66 8 1 

70*0 • 

+ 

1 : 

1 

3 

3 

! 3 

84 1 

122 0 1 

76*3 1 

55*1 * 

72 1 

+ 

1 : 

1 ' 

3 

3 

i 7 

86 

140-0 j 

i ; 

56*4 ' 

75*6 1 

+ j 

2 ' 

2 

2 

3 

; 19 

‘C.A. 44 

90 

123 3 1 

! 77-2 

57 0 

73*8 i 

+ ; 

1 1 

1 , 

3 

2 

97 

150-0 i 

96*3 1 

57*5 

o9*7 i 


1 ! 

1 


2 

i Z. 20 

98 

125*0 i 

79*7 1 

59 5 

t-* i ' 

+ 

1 1 

3 ! 

5 1 

1 

! IS 

160 , 

76'5 1 

83*5 1 

58*2 ' 

09*7 i 


3 1 

3 i 

4 1 

4 

No. of) 
Skulls. ) 

26 1 

26 

1 26 ; 


26 1 

j 

25 1 

25 1 

26 1 

2<) 

Aver. ... 

77*1 : 

121*6 

1 79*2 i 

57*3 1 

72*5 

j 

1*36 1*48 

3*0 ! 

2*92 

Max. . 

160 I 

153*5 

96*3 

62*5 i 

80 0 

1 

3 ' 

3 

5 

4 

Min. ... 

49 1 

76*5 

1 74*6 ' 

52*6 

1 59*7 

1 

1 

1 

1 1 

1 , 


Table YI. — New World IMonkeyk (3j and Lemurs (2). 


No. 

Cranial 

Capacity 

in 

C. C.S. 

Facial 

Index 

of 

Hoik. 

Ka 

Kndoc 

H:L. 

diop-aphic 

ranuil Ratios. (Vntral 
Mental 

H;L.;H:H. Canal. 

Me 

Fora 

R. 

ntul 
men . 

L. 

Jnfrn- 
01 1)1 tal 
Foianien. 

r7 ‘u 

1 Z 23... 

12 

130 

75*0 

523 

69*7 1 



1 ' 2 

! 24 . 

26 

103*1 

80*4 

58*8 

73*1 1 


1 

2 

j 20... 

59 

134*3 

75*0 

61*8 

02*4 1 

1 

1 

1 

1 

2 ' 2 

j Z 26 .. 

18 

117*6 

77*6 

55*1 

1 

71-0 1 

1 

2 

1 i 1 

Z 27.. 

23 

114*6 

80*0 

66*0 

700 1 

3 

2 

1 ' 1 


leptoprosopic. The endocranial bread tli -length ratio in the 
Rothschild series of gorillas ranges from 72*1 to 86*8 (PL II.). 
This range is of the same order as that which occurs in Man. 
Oppenheim*s series of gorillas ranges from 70*4 to 94*2, but 
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these indices are not based on sound endocranial measure- 
ments. Keith ( 7 ) has estimated the breadth-length ratio in 
AustralopithecuB as 71 and Hrdlicka ( 8 ) as 74. Keference to 
Tables II, and IV. show that the young orangs are markedly 
brachycephalic, and the young chimpanzees are moderately so. 
There is no case of dolichocephaly in the chimpanzees or orangs, 
but one of the gibbons has a ratio as low as 75*7, which 
suggests that a larger number of gibbons would yield several 
cases of dolichocephaly. Two of the Old W orld monkeys (Macacus 
rhesus) are clearly dolichocephalic, and the condition will be 
met with in any extensive series of New World monkeys and 
lemurs. 'I'he norma basalis of se^^eral specimens is shown in 
Pis. ITI.~1V, It is clear that dolichocephaly, per se^ cannot be 
applieul with any degree of certainty to the problems of classi- 
hcation. 

The aui-icular height-length ratios, as determined by the 
radiographic method, show that the gorilla is orthocephalic, and 
is intermediate in position between the relatively hypsicephalic 
orang and chimpanzee on the one liand, and the chama'cephalic 
monkeys on the other liand. There is no well-marked cliange 
in the lieiglit-length ratio with age in the series of orangs 
and chimpanzees. The orang, wdth a bracl)ycephalic and 
hypsicepbalic skull, shows the nearest approaeli to the “turm- 
scliadel ” which is occasionally seen in the human, or commonly 
in the Armenoid type. In Man the range of the auricular 
heigiit-Jength I'atio is given by Marti?) (9) as 60*3 to 77*5. 

The avoage values of the ratios are tabulated as foDovs: — 



H . L. 

H : L. 

n : h. 

Man 

. 77-8 

68-9 

88-5 

50 Corillas 

. 79*3 

02*7 

79*4 

13 Chimpanzees 

. 85*0 

G4 0 

70*0 

18 Orangs 

, 87*9 

(>8*3 

77*4 

5 Gibbons 

. 83*4 

OM 

73*3 

20 Old Woild Monkeys .. 

79*2 

57*3 

72*5 


I) (1). — The Central Canal of the Chin. 

The central cainil of the chin in Man has attracted hut 
little attention since the first description thereof in 1900 by 
Berlelli ( 10 ). Sir Ceorge Thane ( 11 ), in 1899, s*aid in reference 
to the genial tubercles on the deep surface of the human 
symphysis menti, “above the upper spines a small median 
foramen penetrates the bone.’’ Bertelli first showed that this 
foramen leads into a central canal of the chin, which sometimes 
opens on the outer surface of the chin in the mid-line. He 
described this canal as conipletelj'^ traversing the symphysis 
in 3 out of 380 Italian mandibles. Le Double ( 12 ) described 
2 cases in 300 mandibles, and DnbreuihChambardel ( 13 ) one case 
in 75 mandibles, Thiele ( 14 ) and liojecki ( 16 ) found that 
in monkeys this median canal is traversed by a branch of 
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the linf»ual artery via the sublingual branch. This artery 
supplies the bone in the neighbourhood of the symphysis and 
anastomoses with the twigs of the submental branch of the 
external maxillary (facial) artery. Mr. Wilfred Trotter ( 16 ), 
in a personal communication, states that a small lymphatic 
gland is occasionally seen in Man near the foramen on the 
deep surface of the mandible, so that it a})pea.rs tliat the canal 
serves as a communication between the vascular and lymphatic 
territories of the sublingual and facial arteiies. Tliis may 
be a matter of some import in the spread of carcinoma of 
the tongue. According to Le Double this canal occurs in 
lower monkeys and Rodents, and several vestigial foramina 
with incomplete canalization of tim mandible occur in the 
Carnivora. On the other hand, Le Double states that an 
examination of 22 clnm}>anzees, 17 orangs, 1() gorillas, and 
7 gibbons showed nothing hut vestiges of tlie central canal. 

Jn the series of Primates here examined, a completely p(‘rviou3 
central canal of the chin, traversing the whole thickness of the 
mandible, occurs in 10 gorillas, 8 ehiin])anzees, 2 orangs, one 
gibbon, and in 16 Old World monkeys (PI. V^J.). The canal 
is absent in the Old World monkeys and lemurs. In sonre 
cases the canal is Y-sbaped, with one openliig on the .superficial 
aspect and two openings in the deep aspect of the mamiible. 
Dr. Beattie (17) has confirmed the existence of a blood-vessel 
in one cbiinjmnzee by injection of the lingual artery, and 
be finds that the vessel is an anastomotic branch betv^een 
the sublingual and external maxillary. The development of 
this central canal and its contained vessels may throw' som*' 
light on the problem of the degree of fusion of tire anterior 
ends of the Meckelian cartilages, on the fusion of the ossa 
dentalifi, and on the development of tire ineirtal ossicles. 'J'he 
peculiar coirtiguration of the upturned a.iterior extrenrities of 
the Meckelian cartilages in the human embryo have recently 
been described by Bolk (18), and it would appear tlrat the 
canal is formed between the fused Meckelian cartilages alrove 
and the right and left ossa dentalia below'. 

D (2). — The Mental Foramina. 

The first description of multiple mental foramina in Primates 
was that of Patruban (19), who described a human mandible 
presenting two foramina on each side. Later, Gruber and 
Bertelli described human mandibles with three foramina on 
each side. Serres, Ci iiveilhier, and Ranrbaud and Renault had 
depicted mandibles wuth accessory foramina many years before, 
and, in their famous atlas, Hambaud and Renault figure the 
condition in a human foetus, Le Double (90), iir liis summary 
of the comparative anatomy of multiple mental foramina, 
said that the condition is normal in the whale, dolphin, pig, 
camel, dog, cat, bat, and in many monkeys ; the higher 
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monkeys and apes tend to show a reduction to a single 
foramen. 

Simon ton (21), in a recent survey of the mental foramina 
in Man and anthropoids, gives the distribution of mental 
foramina as follows: — 

20 Gorillas, 2 or 3 foramina in 27 per cent. 

14 Chimpanzees, ,, 15 „ 

(U Orangs, „ „ 39 

In our series the disti ihution of multiple foramina is much 
less fre(j[uent than in Si monton’s material at the Smithsonian 
Institute. Keference to Tables l.-Vl. shows that multiple 
foramina are seen iji hut five gorillas, ami that on one side 
only. The chim[)an/ees are constant in the possession of but 
a single foramen, and the orangs alone sliow a close resemblance 
to Siinonton’s data. One lialf of the Old World monkeys have 
bilateral single foramina,. The wide discrepanc} shown by the 
two series illustrates very clearly the need for a number of 
observations on a much larger number of specimens. 

The Primates may be arranged in a series in order of 
approximation to the single mental foiamen as follows * — 
chimpanzee, gibbon, gorilla, 0]«1 Woild monkey, oiang, lemur. 
In the fossil Atlapnlic there are usually three mental foramina, 
and Gregory (22) has show’n that in the fossil Notharctime 
there is usually a fourth mental foramen. If. as Gregory stifles, 
Xoiharctm is a little-changed survivor of Ihe ]>iimitive lemiuoid 
sU)ck wliicli gave rise to all the liigher piiinates, it w’ould 
appear that the rcaluction in number of tlie foramina, has 
fu-ogresscd to almost the same degree in the chimpanzee as 
in Man, for JjO Double gives the fuMpiency of the comlition 
in the latter as over 3 pei- cent. 

D (3).— The Jnfkaoii»ital Foramina. 

Winshnv (23), in his classical text book, described duplication 
of the infraorbital foramen in Man as early as 1732. Gruber (24) 
and Le Double (25) hnv^e .stmlied the wide v:.riafion in the 
number of foramina, associated with the infraorbital branch 
of the maxillary division of the fifth <a*anial nerve. Le Double 
desciibes a range fiom eight in the wdiale, five in the baboon, 
to four in the apes. Tii the latter, lie adds, it is not rare 
to find a single foramen. Inspection of Tables J -VI. show’ that 
single foramina occur bilatc'rally in 16 gorillas, 3 chimpanzees, 
1 orang, 4 gibbons. In ihe Old World monkeys the foramina 
are multiple in all cases. Keith (26) states that the jiartition 
between two foi-aniina on the one side is vertical in the gorilla 
and horizontal in the chimpanzee. Sonntag (27) snys that 
the very first chimpanzee examined by him had a \ertical 
septum. Similarly, the first goiilla in our series had a horizontal 
septum. Careful examination of the whole series shows that 
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the inclination of the septum between the two foramina, and 
its width, is very variable. Tim relative positions of the 
multiple foramina may be determined by several factors, of 
which but one can be definitely postulated. Jn infancy tlie 
foramina tend to be arranged horizontally below the infraorbital 
margin. As age advances, the foramina tend to be carried 
into relative positions wliich alter part passu with the growth 
of the upper jaw. 'J'his process is still more accentuated 
with the eruption of the permanent dentition. In tlie extreme 
leptoprosopic gorillas the two foramina are arranged almost 
one above the other. In the chnniseprosopic gorillas they 
are arranged almost side by side. Jn the intermediate foims 
the lateral foramen is also inferior to the median foramen, 
and all degrees of obliquity can be seen in tbc' seiies of 50. 
The same applies to the multiple foramina in the chimpanzees 
and gorillas. The relative position of the foramina varies 
with the degree to which the upper jaw becomes precerebral, 
as distinct from its embryonic snbcerebrnl jK)sition. An 
extreme example is afforded by J^apio, in which tiiere aie 
five or six foramina arranged from behind forwards on the 
large upper jaw. The gibbon, on the other hand, tends to 
liave a single foramen, and the Old World monkeys tend 
to have 3 or 4 foramina arranged side hy si<le. In Man 
the foramen is single in more than 9^ per cent, of the cases. 

The infiaorbitai canal in the gorilla is shallow', and is not 
extensively arched over with bone excej>t in its anterior third. 
In the chimpanzee and orang the canal is deep, witli over- 
hanging margins, and is arched over with bone in its anteri t 
third, in its posterior third, and sometimes in its entirely, 
thus approximating to the position found in Man. On the 
other hand, the gibbon, wutb its single infraorbital foramen, 
has but a short bony canal near tlu’s mai’gin of the oibit, 
and no tiace of a canal in the posterior portion of the tioor 
of the orbit. It is proposed to give a survey of the other 
foramina of the face in a further communication, with a \iew 
to checking the Retardation -hypothesis of Anthropogenesis of 
Bolk (28) and the theory of the Persistence of Primitive 
Simplicity, as enunciated by Elliot-Srnitb (29). 

Summary. 

(1) I he author .s radiographic method of <leterniiuing the 
form of the endocranial cavity of the skull has been n}>plied 
to a large series of Primate skulls. Leptoprosoj)y and dolicbo- 
cephaly are shown to be normal features of certain Primates. 
The degree of dolichocephaly in the Gorilla is as great as that 
in Man, so that dolichocephaly, per se, cannot be regarded as a 
humanoid feature. 

(2) The central canal of the chin is shown for the first time to 
be a normal but inconstant feature of the mandible of Primates. 
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(3) Mental and infraorbital foramina are analysed with special 
reference to their multiplicity, their relative position, and the 
associated direction of growth in the upper jaw and mandible. 
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EXPLANATION OP THE PLATES. 


PXATB I. 

Tlie radiographic norma latorahs of the Orang, J.S. 2, showing the clearness with 
which the Fronton and Occipiton of Hoik are displayed. 

Plate 11. 

The radiographic norma basalis of aoveu Gorilla skulls, showing the variation in 
skull-form. 

The endocranial breadtli : length ratios are : — 

Top Itoiv—A.h. 40=:=72'7. A.l). 14=74 4. A.I). 2o = 72-l. 

Hoftom Boio- C.A. 2=«O o. A.l). 1=85*2. A.l). 8=8(5 8. A.l). 2iU-7(5*(5. 


Plate 111. 

Tin* radiographic norma hasiilisol two Chiriipan/ee skulls. 

Endocfanial breadth : length latios: — 

C.A. 14&=79 7. C.A. 14=017. 

Plate IV. 

The radiographic nonna hasalis of two Orang skulls. 

Eiidocrunml breadth : leiigtli ratios . — 

J.S. 5=00*8. J.S. 8=91*7. 

Pl.Al E V. 

The radiogiajdnc nonna liasalis of three Old Woild .Monkeys. 

Ku'h)ciaiiial breadth : length ratios. — 

Z. 17==- 71*6. Z. 7-74*0. C.A. 14«0(;*3. 

Plate VI. 

A seiies of radiograms witli a tine biass wiie passing thiough the central mental 
canal ot the matidihle. 

A.I). 23, Gorilla; Z. 18, Papio hamatirt/as , Z. 5, 21uracus rhesus; 

Z. 2<‘, Macaens aemestrtUHK. 
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32, Neoplasm in an Indian Rhinoceros (Sarcoma o£ 
Heart and Lungs). By H. Harold Scott, M.D., 
F.R.C.P. London, F.Z.S., Milner Research Fellow in 
Comparative Pathology, London School of Hygiene 
and Tropical Medicine ; Pathologist to the Society. 


f Received March 31, 1927 ; Read May 10, 1927.] 

(Plates!., II.*) 

The case here recorded is that of an Indian Jlhinoceros 
{Rhinoceros unicornis) from Nepal. It was hronglit to the 
Gardens as quite a young annual on April 7th, 1922, an<l 
had always been in excellent health until the beginning of 
April 1926, when it was noticed to ho losing its a])petite. 
There w'ere no other symptoms, and when seen on the evening 
of April 27th, thouglj it refused food, it was not considered 
to be any worse tiian duriiig the preceding days. The following 
morning, however, at 0 a.m., it was observed to be in much 
distress and died quite suddenly a few minutes later. 

The post-mortem exaiiiiriatiou was ,stiute<l about three liours 
afterwards, and the limlings were as follows : — 

There was bleeding at the nose, tlioiight to l)e due to injury 
sustained in falling at the moment of death ; a sliglit anal 
prolapse was present, hut no otlier external signs worthy of note. 

On opening the hod}', the striking feature was the size and 
tlu? general appearance of the hoart. The jiericardial cavity 
contained about 3 litres of slightly blood-tinged yellowish 
fluid; the membrane was not inflamed, nor thickened as a 
whole, hut on its visceral surface were sevexal nodules of new 
growth, more closely aggregated towards the base of the heart. 

The anterior surface of the heart itself presented an enormous 
number of small no<lular tloposits, covering practically the entire 
surface (PI. I.); some of them showed small luTinorrhages, 
They appeared to be most t.hickly aggregate<l over the right 
auricle, hut were very numerous all OAer. The posterior surface 
of tlie lieart also showe<l many <leposits, but consiilerably less 
than were visible on the anterior aspect, covering in all about 
one-third of the surface and aggregated moi e towards the upper 
part, the base, of the lieart. 

On cutting open the heart, it was seen tliat the growths 
were not merely superficial. The wall of the right auricle 
was crowded with tumour-masses, and infiltration had extended 

* For explanation of the Flutes, see p. 510. 
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through to the surface. All the chambers showed that the 
thickness of the myocardium had been involved. Some of 
the masses in the left ventricular wall were as large as a 
golf-ball, and one even larger (PL II.). They give the 
impression from their position and relations of having arisen 
from without and extended inwards, rather than by embolism 
from within. Possibly, from the greater aggregation in the 
riglit auricle, this had been the first part of the heart to 
be attacked, and thence the growth had spread to involve the 
pericardium with resultant rapid, local or contiguous extension. 

Some of the deposits in the wall of the right ventricle 
were more distinct on the internal surface and did not I’ench 
through to the outer. It is possible, perhaps probable, that 
these had arisen from fragments being carried from the right 
auricle to tlie ventricle and there developing. 

The thymus was represented by remnants of tissue only, and 
the thyroid was normal. 

The right lung contained a large deposit of growth near 
its root, the mass of the tumonr being the size of a, Tangerine 
orange. There were also several very minute, whitish deposits 
scattered irregularly through the lungs. The same remark 
applies to the left lung, wliile in the lower lobe, about the 
mi<ldle, there was a single mass as large as a cherry. The 
bronchial glands were not enlarged. 

The minute deposits provetl on inicrosco[)ical examination 
to be each a. small nodule of growth, as if there had been 
a number of emboli from the mass in the left auricle whipped 
ofT into the pulmonary circulation. 

Thus would be accounted for the fact that embolic tumours 
were not found in any of the other viscera, liver, spleen, kidneys, 
etc. ; in other woi ds, the systemic circulation had not been 
invaded. 

The only other condition of wdiich mention should be made 
was that the intestine was somewhat acutely inflamed, the 
mucosa showed a few petechial hjemorrhages, while some areas 
were more uniformly red and blood-stained. In the peritoneum 
the fluid was in excess, though not measurable, and thei'e were 
small masses of gelatinous coagula. 

The liver was mottled and, on section, was seen to be 

foamy,” the tissue spongy and soft and the spleen, though 
not enlarged, was also softer than normal and frothed a little 
on section. The mesenteiic glands were swollen and congested. 
Welch’s bacillus — aerogenes mpaulatus — was grown by 
amerobic culture from the liver, spleen, and heart- blood. 

There was no swelling or softening of the bones noted at 
the autopsy, and subsequent maceration for tlie purpose of 
preparing a skeleton showed a splendid condition of all the 
bones, no abnormal localised swellings. 
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H latological examination* 

Section of the Heart when viewed by a low power, such 
as a hand -lens, showed several small foci which appear as if 
separate and, in a way, encapsulated. Under higher magni- 
fication, however, it is seen that there is no true capsule, 
though tlie periphery is more fibrous than the interior and 
the surrounding tissue is compressed ; at the same time this 
is fairly heavily invaded by small round cells. In more minute 
detail, the stroma varies in amount in different foci and in 
different parts of the same focus. In some situations there 
are many small round cells and little stroma, but over the 
greater part there is relatively abundant stroma, some of it 
of hyaline a.spect, but made up of very fine fibrils, interspersed 
with elongated cells which have relatively large oval, or, more 
often, spindle-shaped nuclei. 

The characters of the cells are those of a mixed large and 
small round-celled sarcoma, among which the latter greatly 
preponderate. A considerable numbei- of the larger show mitotic 
figures. 

In each of the foci of growth there are numerous giant-cells^ 
Here and there may be seen one showing slight vacuolation, 
and others sliow a sort of tear or cleavage duo probably 
to shrinkage in the pre[)aration of the tissue. I'lie giant-cells 
vary considerably in si/e, but in almost e%’ery case the edge 
is smooth and regular, notliing of the nature of the processes 
found in osteoclasts being seen. The nuclei are pi*eseut in 
largo numbers, some containing a hmulred or more; they are 
situated centrally or dispersed through the cell, not peripherally, 
noi‘ are they of a uniform size in a cell and several show mitotic 
figures. 

Nowhere in any of the sections is there anything suggestive 
of bono-forniation ; within the tumour-nodules themselves no 
hteinorrhages have been seen, thougli extravasations are found 
at the periphery in certain {>arts. 

(Occasionally one can make out degenerated heart-muscle cells 
in tlie interior of the tumour nodules, especially at the periphery. 

As regards the deposits in the Lungs the capsule- appearance 
is rather more marked and the fibrous stroma more prominent, 
especially at the periphery, where it is more dense, tliough 
infiltrated by round cells several of which show mitosis. Tim 
disposition of the stroma is very similar to that already described 
in the case of the tumours in the heart; that is, it exhibits 
considerable variation in amount, some areas showing very little 
and consisting almost entirely of small round cells with faint, 
fibrillar intercellular stroma, others with an alveolar arrange- 
ment, a little denser fibrous stroma ai'ranged as a mesh, 
containing small rourd cells between which aio the faintly- 
staining fibrils ; giant-cells are numerous, rarely is any seen 
with vacuolation, the nuclei are many and resemble in all respects 
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those in the heart. At the periphery of the tumour-nodules 
the pulmonary tissue appears compressed and the alveolar walls 
thickened, and there is a fibrosis invaded by numerous small 
round cells. Here, as in the heart, no extravasations are seen 
within the deposits themselves, but in parts, particularly 
at the periphery of the nodules, the pulmonary tissue may 
show extensive foci of limmorrhage, the alveoli being filled 
with corpuscles and slied cells ; there is no hroncho-]»neumonia 
in the compressed parts of th.e lung. 


Discussion, 


The problem offered by this interesting case is the solving 
of the question as to the source of these tumours. There 
can be no doubt, from their enormous number in both heart 
and lungs, that in the case of each organ the deposits are 
secondary. Tlie fact that extra-cardiac tumours were found 
only in the lungs is evidence that dissemination in the latter 
came by way of the pulmonary artery. This is boi-ne out 
by the further fact that, though the tumours are widely 
distributed over the surface of the iieart, the chamber most 
heavily involved is the right auricle which, as already stated, 
is crowded with growtli and its wall in liltrated throughout. 
Fragments have, in all probability, been carried from the auricle 
to the ventricle and thence distributed as emboli throughout 
the lungs, wliich have become stiulded with minute sarcomatous 
deposits and others of greater size, as would result from repeated 
embolism. 

Again, tlie wall of the auricle consisting as it does, of a 
mass of agglomerated deposits, has transmitted the cells to 
tlie overlying ])erieardium, and when once this was reached 
the spread would naturally be a rapid one by contiguity over 
the whole surface over the heart and its serous covering. 

Primary malignant tumours of the heart, non-malignant 
also for tliat matter, are very rare, and in this instance 
may be excluded by their very number. If it be suggested 
that tliere was some primary growth in the heart which had 
extended to involve the pericardium and produce sucli generalized 
infection of the wliole organ, we can only say that, if possihle,^ 
such is highly improbable, because while all this local misclnef 
was developing we should expect to find signs of embolic 
distribution of tumours in the parts supplied by the systemic 
circulation. 


Regarding the condition of the heart, then, as secondary, 
we are confronted witli the problem of the site of the primary 
growth. In most cases of cardiac neoplasm, when these are 
present in any number, tlie primary growth is probably the 
mediastinum, the pericardium becoming invaded, and the growth 
spreading thence to the myocardium. Sarcoma of the thymufi^ 
may so extend. In the present case, however, there was no 
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growth seen in the mediastinum and the thymus was specially 
observed, as there was no knowledge of the age of the animal, 
except that it was believed to be a young one. The gland, 
however, had almost disappeared, being represented only by 
remnants of tissue. 

Giant- cell sarcomata, as sources whence the heart becomes 
involved, have been reported in the mammary and thyroid 
glands ( Hektoen and Kiesmann), but these sites were examined 
and found free from disease. 

We may, therefore, set aside any adjacent organ as the site of 
the primary growth. 

Tl)e commonest source of origin of secondary tumours of 
the heart is uiKjuestionably bone, and in the case of tins 
Rhinoceros the histological picture with its preponderance of 
giant-cells in all the sections made tends to support this 
argument. 

It is, of course, well known that too much importance in 
this respect must not be paid to the existence of giant-cells 
in a tumour. They are not uncommon in both spindle- and 
round-celled sarcomata, especially in the larger-celled examples. 
All the sections made from tissue taken from various parts 
of the heart and lungs in this case, however, show that, except 
for the numerous giant-cells, the majority of cells are of the 
small round type. WHiei’ever these giant-cells are found in 
large numbers the (jiiestion as to their significance is always a 
matter for debate. There are four possibilities to be considered, 
namely; — (1) Are they merely “foreign body” giant-cells? 
(2) Are wo dealing vvith a myeloid sarcoma, secondary to or 
arising primarily from bone-reticulum ? or (3) with a myeloma, 
arising from bone-marrow or, lastly, (4) with a “ giant-cell 
surcoina” ? 

The first can be disposed of in a few words; such cells are 
generally found in necrosing or degenerating areas, and are 
probably of endothelial or leucocytic origin. They do not attain 
the size of those present in sections of the tissues in this case, 
and in the great majority of them the nuclei are polar, or 
peripherally disposed. This was very exceptionally seen here; 
as mentioned already, the nuclei were either central or distiibuted 
generally throughout the cytoplasm. 

A considerable degree of confusion exists as to the differences 
between ttiyeloid sarcoma, myeloma, and giant-celled sarcoma 
of bone, which Professor Kettle has done much to elucidate. 
We need not go into the differences in detail here ; suffice 
it to say that the first arise in the interior of bones (except 
epulis) and, in particular, certain parts of certain bones — 
adjacent ends of tibia and femur, upper end of humerus and 
lower end of radius. They expand and absorb bone rather 
than infiltrate it, are very vascular, and may pulsate, are 
often discoloured from hajinorrhage, and are, in a way, locally 

Proc. Zool. Soc.— 1927, No. XXXIV. 34 
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malignant, but seldom if ever become disseminated. The 
giant’Cells are of the osteoclastic type, having regular nuclei 
which do not show signs of abnormal activity. Such were 
not the characteristics, already given, of the giant-cells of 
tile tumours in the Rhinoceros. Further, the giant-cells differ 
from those designated foreign-body giant-cells in that the 
nuclei are not arranged peripherally, there is no central 
degeneration ; in fact, they are the analogues of the myeloplaxes 
normally found in bone-marrow. In such tumours there is a 
tendency to the formation of bone-spicules, and the cells 
generally are of the fibroblastic type, though often somewhat 
irregular in shape. 

The second, myeloma, is by some authors regarded as synony- 
mous with the last, and others who do not definitely state this as 
a fact are, judging from their descriptions, of the same opinion. 
According to Kettle, several of these tumours may develop 
simultaneously, or there may be a single growth at first, 
rapidly succeeded by others, but always in the bony skeleton, 
vertebi-a?, ribs, limb-bones, etc. The constituent cells are 
myeloblasts, or possibly plasma-cells, hut the large cells of the 
osteoblast tyj)e, cells typical and characteristic of the myeloid 
sarcoma, do not occur. 

Lastly, there remains the so-called Giant-cell Sarcoma. Some 
authorities dispute the existence of such a tumour as a distinct 
entity, regarding the giant-cells as either foreign -body cells 
or as modifications of the tumour-cells proper resulting from 
lack of cell-division and irregular mitosis, and common to 
neoplasms of various kinds, endothelioma, carcinoma, etc. 
Others, on the contrary, maintain that, thougli laige rnulti- 
micleated cell-masses occur at times in many sarcomata 
constituted by a mixture of cells, spindle- and round-celled, 
large or small, there is also a group in which these giant-cells 
are so constant and numerous as to form a cliaracteristic 
feature and these are placed apart as Cb’ani-cell Sarcomata. 
In the former, the mixed -cell sarcomata with giant-cedis, the 
intercellular fiibrillated stroma is usually scanty and any vessels 
present are of rudimentary form. It is true that such have 
been found in the majority of cases to arise primarily in 
connection with osseous tissue, and sliould, therefore, be classed 
with the osteosarcomata, but in others thei*e is no apparent 
tendency to the formation of bone or cartilage. Among the 
latter there are met with sarcomata whose predominant 
constituent cells (apai’t from the giant-cells) are of the round- 
cell type, whose stroma is small in amount, finely fibrillated, 
but which may in some situations be disposed in definite 
fibrous trabeculae enclosing the round celbs, and, in fact, con- 
stituting a form of alveolar sarcoma or, yet again, showing 
in parts a more uniform, almost homogeneous material believed 
to be a secretion from the^ cells. Such tumours diflTsr from 
the myeloid sarcomata, previously mentioned, in two important 
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particulars — namely, that the giant-cells vary consideraUly in 
the size of their nuclei and in their exhibiting abnormal 
mitoses, and that careful search will often reveal, as it were, 
transitional forms between the smaller cells of the tumour 
and these large multinucleated giant-cells. 

To sum up the somewhat confused question of sarcomata 
of bone : It would appear that the majority of less malignant 
are of the spindle- or mixed-cell type containing giant-cells 
in varying number, some of the latter showing the general 
conformation of inyeloplaxes. If arising from the periosteum 
tumour-formation in its strict sense is early in evidence; if 
from the interior — central sarcoma — they grow and slowly 
erode the framework of the bone, gradually replacing the 
bony tissue by the tumour-mass till spontaneous fracture results 
or attention is called to the bony swelling with pulsation and, 
perhaps, the characteristic “ egg*shell ” crackling. 

Others contain a greater admixture of round-cells as the 
predominant cell of the groundwork, and so take on, as it 
were, a more trul}'' sarcomatous character, namely that of 
small round-celled sarcomata which, whatever their situation, 
are generally regarded as the most malignant of these tumours. 
They probably give rise in their earliest stages to a certain 
degree of hone-erosion, hut insufficient to cause any swelling 
recognizable externally ; in fact, their malignancy is shown 
l)V early dissemination before there has been time for the 
local tumour to develop. 

Theie is, it is ti-ue, a considerable degree of hypothesis in 
applying this reasoning to the case which forms the subject 
of this paper. Examination at autopsy revealed no primary 
tumour to wljich the secondary de])osits in heart and lungs 
could be traced, and even after ma-ceration for the setting 
u]) of the skeleton none of the bones showed the least deformity. 
Nevertlieless, seeing that the commonest origin of secondary 
tumours of t he heart is bone, that the neophtsin in this case con- 
tained numerous giant-cells, that the groundwork was of small 
round-cells, the most satisfactory, or perhaps we should say the 
least unsatisfactory, explanation would appear to be that 
there was some small round-celletl cwdosteal sarcoma whicli 
became disseminated before any recognizable tumour had 
developed sufficiently to declare itself locally. This could only 
he ps oved by sections being made of all the hones of this 
animal, a matter now beyond our reach. 

I wish to express my indebtedness to Mr. F. Martin Duncan 
and to Mr. F. W. Bond, the former for the photographs of the 
microscopic specimens, the latter for the macroscopic. 
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EXPLANATION OP THE PLATES. 

Plate I. 

Fig. 1. The anterior surface of the Heart showing vast numbers of nodules of 
growth. 

Fig. 2. Sections through the Left Ventricle of the heart showing one large and 
several smaller sarcomatous deposits. 

Plate II. 

Fig. 3. Section of small nodule of growth in the heart showing the giant-cells» 
both central and peripheral, with infiltrution at the border by small round- 
cells also, where imasion is progressing. 

Fig. 4. Section of nodule in Lung. Note the large nwmber of gnint-cells in the 
main mass and the fibroMiR at the periphery whicli gives the idea of 
encapstilation to the naked eye. This tissue is, however, fairly densely 
invaded by small round-cells and also by giant-cells. To the left are 
seen the pulmonary alveoli into the meshes ot which round-cells are 
penetrating. There is no e\ idence of bronchopneumonia. 
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33. Two Oases of Peritoneal Neoplasm (Endothelioma). 
By H. Harold Scott, M.D., F.R.C.P.London, F.Z.S., 
Milner Research Ff‘llow in Comparative Pathology, 
London School of Hygiene and Tropical Medicine ; 
Pathologist to the Society. 

[Received March 31, 1927: Read May 10, 1927. J 
(Plates 

On the 23r(l November, 1923, there was obtained for the 
Gardens a female lihie Wildebeest, or Brindled Gnu {Gorgon 
tauritcux). It was noticed to have a somewhat enlarged abdomen, 
and the purchase was more eagerly made in the belief and hope 
that the animal was in a condition described euphemistically 
as an ‘‘ inttu’estiiig one. The swelling continued to increase 
steadily hut was accompauie.l l)y progressive weakness during 
the later months of 1925 and the first two of 1920, As the 
animal was in obvious distress and unlit for exhildtioii its death 
was decreed on March 4tu, 1920. 

At the autopsy it was clear tliat the abdominal swelling was 
fluitl ill nature and the cavity was, therefore, tapped prior to 
section, and 01] i^trc^s (107 pints) of a clear, straw-coloured fluid 
were drawn off*. This contJiined a few flakes of lymph which was 
not blood-tinged and did not clot spontaneously. A little fluid 
escaped in the tapping and a certain amount remained behind. 
The total a, mount was probably about 05 litres, or 114 pints. 

On opening the abdomen the striking feature was the great 
omentum, which formed a large, pale, lleshy-looking sheet with 
some scattenjd petechial areas. The whole was from one to one 
ainl a half inches in thickness, presenting a finely granular, greyish- 
white, snety or waxy appearance on section, while the surface 
itself was nodular, many smaller nodules, like sessile p ipilloinata, 
being aggregated tt> form larger masses or plaques of growth. 
Oil scraping the cut sui’face a milky juice was obtained. Macro- 
scopically, if only a small portion was examined, a mass might be 
regarded as tuberculous, for it strongly resembles agglomerated 
tubercles. The microscojie, however, reveals a picture funda- 
mentally ilifTerent from that of granulomatous or tuberculous 
tumour. The under surface of the diajiliragm was studiled with 
similar nodules, the majority being the size of a pea, some a little 
larger ( PI. Ill, fig, 1 ). There was nothing abnormal noticeable on 
the upper surface, and both lungs and pleurte were normal, the 
thorax being iiowliere invaded. The thymus almost covered the 
anterior surface of the heart, this organ showing no abnormality. 

* For explanation of the Plates, see p. 618. 
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On the surface of the liver was a score or so of small nodules and 
the spleen was similarly covered in front, but there were none in 
the interior of eithei* viscus. Though in some recoided cases 
there has been extension of the tumour, usually by metastasis, to 
involve the viscera, in this case they had escaped in spite of the 
length of time during wliich the growth had existed. Where 
structures other than the omentum, namely the liver, spleen, and 
diaphragm, were affected, the deposits were limited to the surface 
and accounted for by contiguous spread. The ovaries were normal 
and there were no signs of pregnancy. There were two small 
pendent cysts in the peril oneum which were diagnosed by 
Professor Leiper as Cysticerciis temiicollis. 

Microscopical examination of sections made from the omental 
growth and that from the surface of the liver and spleen 
showed : — 

Omentum , — The deeper part of the surface covering fatty areolar 
tissue is thickened and separated from the masses of tuniour-cells 
proper by a faintly-Kstaining, finely granular layer, as if tlie con- 
stituent cells had undergone hyaline or myxomatous degeneration 
and had become fused, the nuclei being no longer recognizable. 
Interspersed among these faintly-staining areas are scattered 
tumour-cells and occasional polymorphonucleai* leucocytes. 
Similar areas aie visible, though of smaller extent, in the more 
cellular and deeper i)arts of the tumour. 

Tow'ards the surface the cells are rounded or polygonal and 
show a considerable variation in size. Some are epithelioid, 
others are more cubical and irregular, but all seem to have nuclei 
ricli in chromatin and cytoplasm aluindant. Several contain tw^o 
nuclei, and a few tliree or four, hut nowliere is anything resemb- 
ling giant-cells seen. Jn other paits the cells are more definitely 
flat and epithelial in character, often disposed in alveoli, tlie walls 
being formed of the w^eakly-staining hyaloid, or faintly fibrillar 
structures, poor in cells, but the cells when present have drawn- 
out spindle-shaped nuclei. In parts the cells are arranged 
cylindrically ; in otbeis the cylindrical or alveolar spares are, as 
it were, lined witl^ them, so that wdien such are cut transversely 
they closely resemble a section of a gland-dnct. The strands of 
cells may join up and anastomose with others (PI. IV. fig. 2). 

Spleen , — In the growth attacJ}ed to the spleen the cells aie 
mostly of a large epithelial type and the alveolar disposition of 
them in some parts is very distinct. The walls of some are seen 
to be formed of thick traheculne, faintly fibrillar and even hytiline 
in appearance, and reminiscent of cartilage but with sparse 
spindle-shaped or round cells in place of cai tilage cells. Within 
the alveoli the cells show fine fibrillar })rocesses, w'hich constitute 
the sole intra-alveolar matrix. The growth, iljough attached to 
the surface, does not invade the spleen-pulp. 

Liver . — In the tumour attached to the liver a condition closely 
resembling that just described is seen, but in addition there are 
blood-vessels cut at various angles, and in some of these the 
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endothelium may be noticed to consist of large cells, perhaps 
several layers in depth. At certain sites also these cells are 
arranged circularly ; they appear compressed and their nuclei are 
elongated, the whole bearing considerable resemblance to nests 
of non-keratinized cells. 

The liver itself is not invaded, but the parenchyma is separated 
from the mass of growth by a dense zone of fibrous tissue, except 
at one isolated spot in the section where penetration is taking 
place (PI. IV. fig, 3 ; PI. Y. fig. 4). 

Wlien we come to analyse the histological picture, the strands 
of cells bounded Vjy the fine stroma call to mind developing blood- 
vascular tissue, though the contained cells are epithelial in 
character in place of corpuscles. In parts this resemblance is 
further borne out by the presence of blood-corpuscles within the 
cellular walls themselves composed of one or more layers, as if the 
origimil emlotlielial lining liad undergone definite proliferation. 
The condition mentioned already :is resembling cell-nests may 
have r<isulted from the total obliteration of the lumen by this 
growth of the lining cells. 

The alveoli, whicli may be distended or filled-in lymph -spaces, 
may con tain epithelial cells with no visible stroma at all ; or 
processes from the cells [>roduc‘e a fibrillar stroma-like appearance ; 
while, elsewlioro again, the walls are composed of a dense fibrous 
tissue with only a few compressed cells. 

Til fact, different parts of the tumour and es^en of a small 
section of it show by no means a uniform picture. In some 
there are aggregjited groups of colls, fiat, cubical, or polygonal, 
giving f.he impression of being inlaid in a connective- tissue 
stroma. The gi’ovvth thrusts itself into lymph- spaces to produce 
a definite alveolar dis[K)sition. At other sites the appearance 
approximates more to tliat of a sarcoma, and we see between the 
cells a fibrillar stroma ; at otber.s, again, the cells have processes 
whicli communicate with those of adjacent cells of their own 
kind or with neigh bomaiig fibroblastic cells. Yet again we may 
see strands of e])ithelial cells bordered by large endotheliurn-like 
cells, the processes of the latter appearing to join up with fibres 
of the connective-tissue stroma. 

As already mentioned, the cells may be cubical rather than 
spherical, and line an alveolus rather than fill it. Such, on 
transverse section, recalls an adenoma; or, by compression and 
obliteration of the space, a “ cell-nest*’ a-ppeamnce results. 

The second ease was of a simpler nature in that there was not 
such a variation of arrangement in the different parts of the 
growth as occurred in the Gnu. Probably the growth liad not 
been developing so long ; the animal was a small one, and death 
was due, not so much to the growth directly, as to an abscess of 
the face which invaded the brain. 

This animal was a female Hamster (Cricetus frumentarius) 
which had V>eeii in the Gardens for more than two years. The 
findings at the autopsy were most interesting. 
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There was an abscess on the right side of the face extending 
backwards and upwards beneath the orbit and passing through 
the sphenomaxillary fissure of the brain, with thrombosis of the 
ophthalmic veins and extension along the optic nerve and the 
second division of the fifth cranial nerve. The abscess proved on 
examination to have arisen from a Streptothrix infection. 

The left lung preseritetl minute white deposits, just visible to 
the naked eye and situated in the lower lobe. The right lung 
was, to all appearances, normal. 

The abdominal cavity contained 120 c.c. of bloody fluid. When 
this had been withdrawn, there was seen to be a flat velvety 
growth involving tlie peritonenni, the upper part of the anterior 
surface of the blad<ler, the mesentery, the surface of the liver, 
part of the spleen, and the under surface of the diaphragm ; 
there were also small de[)osits on the Iddneys, mainly at the 
lowc'i* pole of the left, and also on the broad ligament. 

The growl, h consisted, microscopically, of typical large endo* 
theliumdike cells with foamy protoplasm and processes forming 
small spaces in which was a granular and fibrinous debris, the 
residue of blood*destructiou. Jn many parts the cells are of a 
syncytial character, and are sometimes arranged in acinar form 
enclosed by a fibrous stroma. In other part s the vacuolation has 
proceeded still further, arnl adjacent vacuoles have coalesced to 
constitute spaces of considerable size into which bicmorrhage lias 
taken place. In the case of the liver these cells are seen to be 
closely applied to tlie surface of the organ, but nowhere do they 
seem to have penetrated it. In fact, in some situations the 
appearance niacroscopically was as if the growth had been laid on, 
like a carpet, and it could be almost peeled off without damage 
to the liver beneath. Elsewhere, though there is no actual 
infiltration or penetration of the liver tissue, tliere is seen in 
sections a definite thin strand of fibrous tissue between the 
tumour cells and the hepatic tissue; the two are indeed united 
by this fibrous band and cannot be mechanically separated 
(PI. Y. fig. 5). 

In the lung, however, these endothelial cells are arranged in 
small masses or groups, and by suitable staining are seen to lie 
within vessels. In this organ the cells appear more as solid 
plugs, though the characters of the individual cells are the same 
as those seen on the surfaces of the affected abdominal viscera. 
The growth seems, therefore, to have been transported to the 
lung by embolism. It is strange that the involvement of the 
lungs was not more general in tliis case, but against tbe prob- 
ability of direct extension me the fact-s that tlie left lung was 
the one involved, tliough the growth was rather more on the right 
aide of the liver, that the upper surface of the diaphragm showed 
no growth at all, and that the cells of the growth in the lung 
were intravascular (PI. VI. fig. 6). 

To name a tumour correctly may he a matter of much difficulty. 
In many the character and relative disposition of the several 
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components are sufficiently clear to enable us to state their 
origin. Others, on the contrary, iiave no characteristic ariange- 
meiit, the constituent elements do not resemble any of the normal 
tissues, and, as Professor MacOallum states Every unusual 
tumour which lacks characters that will permit its ready recog- 
nition stands an excellent chance of being labelled ‘ endothelioma ’ 
and relegated to oblivion.’' This is, perhaps, one of several 
reasons for denominating the growth which is the subject of this 
paper an endothelioma. 

There is not yet any definite proof that a tumour does (pre- 
sumably it can) ari.'se from endothelium, and the diagnosis is 
often mH<le not so much on 2>ositive as on negative grounds of 
exclusion. Probably, as the matter comes to be more minutely 
studie<l some of those tumours now pigeon-holed as endothelio- 
mata will he removed from tliat rather dustl>iu category and 
placed among the carcinomata or sarcomata. Any tumour may 
in its progress i in ad e lymph-channels ami spaces, and the very 
presence of such foreign cells may stimulate the lining cells of 
the vessel or sinus to proliferation, even to actual obliteration of 
the lumen, hut this is <|uit.e a different thing from the parti- 
cipation of tlie lining cells in the actual tumour-growth. 

What are wt* then to understand by tlie term Endothelioma? 
On the analogy with the usual rules of the nomenclature of 
turnouis the answer shouhl be t*asy — a growth arising from and 
comj)()Ned of endothelial cells, and by endothelial cells we imply 
those lining blood- and iMnpb-vessels and the cerebrospinal 
spaces. Ar<^ we to include also those wbicb line the body- 
cavities, the pleura, ami the j>eritoneum ? One authority holds 
that tiies(‘ are of liy[>ohlastic ami epiblastic origin and are theie- 
fore epithelial, and the tumours liaving their origin from such cells 
must be epithelial tumours. like carcinomata. Another states 
that the close resemblance between endothelial and t^pithelial 
cells, wliich he conse<]uently names “ ejdtheloid,” has led and 
iloes lead frequently to “confusion between endothelioma, a 
variety of sarcoma, and carcinoma.’' 

If we seek for light by Adanii’s embryological basis of classi- 
fication, the atmosphere at first appears to clarify, but the mist 
again begins to gather. A growth deriving from what is called 
“ rind ” tissue is a le[>idic tumour, such, for example, as carcino- 
mata or those which ha^e their origin from the endothelium of 
blood- or lympli-vessels. The lining of the peritoneum, though 
in a sense a “ rind ” tissue, is itself derived from “■ pulp " tissue, 
and tumours originating from this are therefore designated 
secondary or transitional lepidomata, to distinguisli them from 
carcinomata, or primary lepidomata. Jt would seem, then, that 
all we have to do is to see whether the cells of the growth are 
cells resembling endothelium, and the diagnosis is made. But, 
though the constituent cells may retain the simple character of 
lining cells, they may also, as they do in parts of the first tumour, 
revert to the more primitive clmmctei« of their pulp-tissue oi’igin, 
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and instead of epithelial cells we have spindle-shapes and the 
resultant growth, or that part of it at least, comes to resemble 
sarcomata or malignant connective-tissue tumours, and we are 
back in the maze again. 

When we bear in mind the fact that there are blood-vessels, 
lymph- vessels, and lympli-spaces with their lining endothelium 
in the omentxim, as well as the cells lining the membrane itself, 
and that the tumour may arise in one or the other, it is obvious 
that the resulting growth may be a true endothelioma or a tran- 
sitional lepidoma, or a mixture of the two ; and 1 am not convinced 
that the last is so rare as many think, and certainly, if this is so, 
we have reason for the variability of tlie picture exliibited in 
stained sectiojis from difterent parts of the same tumour. This 
variability lias led authors to interpret their lindings diflereiitly, 
and, according to the several views as to the character and origin 
of the grouth, so liave they varied in their terminology and 
nomenclature. Thus: — (1) Tumours showing on section groups 
of parenchymatous cells arranged in an alveolar manner in a 
librous stroma, as in parts of the tumour in the case described as 
the text of this communication, and arising in situations xvliei’e 
there is no ** epitlieliuin ” in the strict sense, cannot justly claim 
to be classed as carcinomata, or malignant epitbelial growths. 
Tliey iiave consequently in many cases been designated alveolae* 
sarcomata, (2) It is held by some uriteis tliat if, as in the 
case of the pleura or the peritoneum, these tumours arise from 
the serosa cells, or more correctly the lining cells of the serous 
membranes, they are epithelial in origin, and are therefore 
carcinomata, (d) Others, again, boldly cut the Gor<lian knot by 
assuming that the growths arise, not from the lining cells of the 
memhiane, hut from the endothelium of the blood- or lymph- 
vessels, and they regard these tumours in conse(pience as true 
endotheliomata. There is only one link missing from the chain, 
but it is an important one — namely the deihiite origin of tumours 
from such a source has not been proved to occur. (4) 'kliese 
growths have also been considered as taking origin from the cells 
outside the vessels, and lienee are called perithdiomata. in which 
thei'e are sarcoma-Jike elements <lisposed extravaf-culai ly. This, 
however, is countered by the view that tbeir origin is in reality 
the endothelial lining of the perivascular lymphatics; if this is 
so, the term “perithelioma” should lapse. (5) Owing to the 
cells of the tumour forming solid columns or cylindeis of <*ells, 
and these having an epithelial character, such tumours have 
been denominated cylindromata, an<l a. variety of carcinoma, 
(G) Aschoff and, prior to him, Schmaus definitely class them as 
sarcomata^ as they belong anatomically and genetically to the 
connective tissues or, rather, raesoblastic tissues ; but owing to 
their resemblance to epithelial growths and to the predominant 
character of the cell-picture, they arc named endothelial cancer 
by the former, spurious epithelioma by the latter, in contra- 
distinction to true epithelioma from epidermal ti>8ues. Aschoff 
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states, in another place, that some ©f the endothelial tumours 
conform so closely to the epithelial type that they cannot be 
distinguished from true carcinomata ** unless we succeed in 
determining the origin after making serial sections, and not even 
then in all cases, thus begging the whole question. (7) Another 
name bestowed upon “ endothelial cancer of the serous mem- 
branes is lywj^ha'ngiiis carcinomatodes^ because they often show a 
cancer-like structure with nests embedded in the fibrous stroma 
and strands of large epithelium-like cells; or they may consist of 
a fibrous hut richly cellular tissue in which are groups of cells 
of endothelial cliaracter, or reversions of them consisting partly 
of the covering cells of the setosa and partly of the endothelial 
cells of tile lyinph-vessels an<l s])aceK. (8) liihhei t, leaving the 
question of origin undecided, tlenoniinated these tumours 
cmlondc cancers. 

Gathering up the tlireads of wliat lias been stated on this 
complicated question, we may say that tlie character and arrange- 
ment of the c('lls in this tumour aie such that, judging from a 
study of the cellular mor})ho]og 3 \ the nature and origin of them 
cannot at jiresent he determined beyond dispute. 'J'liey may, and 
jiiohahl}^ do, ari.'-e ficm the sero.’^a lining cells ; tl'.ey may also he 
deri\ed from the endothelium of tlie undei lying lym])liatic 
vessels or spaces. It- does not help much to avei* that possibly 
both occur and tliat in time we shall he able to distinguish 
between them. Jn the fii>t of our two cases tlie former ^^ould 
a})])ear to predominate at least, fur there were no nietastases 
found anvwliere, and, as regards adjacent organs, tlie liver and 
spleen, the grov^th was limited to the surface. In the second, 
tlie fact of embolic foci being found in the lung points to invasion 
of blood- or lymphatic ves.sels rather than t-o derivation from 
vascular <^uidotheliuiu because of tlie widespread involvement of 
tlie surfaces of viscira without dissemination in the interior 
of Uieni. Accoiding to Y. Ikill, tumours of the peritoneiiiii such 
as this liave been notedi espindally in the lloi se; ( -adeac and Iluquet 
liave recorded an analogous growth of the arachnoid in the Dog, 
and Herbert Fox mentions one arising from the jileura in a 
Clouded Leojiard at the Philadelpliia Zoological Gaidens. 

Under the term endothelioma have been iiielinled certain 
careinoina-liko growths originating in serous cavities ; certain 
tliffuse tumours of tli(‘ immiuges and other more solid circuni- 
soT’ihc^d tumours of tli<^ dura or pin mater, compressing rather 
than infiltrating the liraiu. These are comjiosed largelv of 
spindle-cells, often witJi an admixture of fibrous tissue, and 
show concentric whorls of cells reseiuhling cell-nests (J3owlhy & 
Andrewes). They are usuallj^ benign. Finallv, there is a miscel- 
laneous group, innocent or, from a clinical aspect, merely of local 
rrmlignancy, if one can use such a term, contrasting thus with 
carcinomata. Occasionally, however, they become trul}^ malig- 
nant, If operation is undertaken for removal, tliey not unfre- 
quently recur, but tliis recurrence is due in all probability to 
incomplete removal. 
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A final word as to the naming of these tumours of the serous 
membranes, in this case the peritoneum. 'J'he membiane itself 
is embryologically of mesodermal origin, and the epithelium ** 
lining it is thus a mesepithelium or, if arising from the lining 
vascular cells, a mesendolhelioiuH, and the better term, that is 
better than endothelioma for a tumour arising from such, to cover 
both, would he mesothelioma. 

The photogmph reproduced as fig. 1 was taken by Mr. F. W. 
Bond, the remainder by Mr. Martin Duncan from microscopical 
sections of tlie tissues. To both these gentlemen I wish to offer 
my thanks. 


EXPLANATION OP THE PLATES. 

Pigs. 1-4- are of the Brindled Guu {Gort/on iaurinua), 

,, 6 & (i are of the Hamster. 

Platk III. 

Fig. 1. On the left is a portion of the great rnnontum covered liy and infiltrated 
■with endothelionintous growth. On the right holow, a section of the same, 
cut across to show the thickening ot the omental sheet. On the right 
above, the iiiuler suiiace ot the diaphingm co\ered with nodules ot growth. 

l^LATK IV. 

Fig. 2. Microscopical appearance of the glowing edge of the tumour in the 
omentum. To the left is the main mass extending, on the right, into the 
omental tissue proper. 

Fig. 3. Edge ot the liver (nght) showing Gli.ssou's capsule ihickened and infiltrated 
by the growing tumour (left). 

PXATE V. 

Fig. 4. Edge of tumour growth showing marked thickennig of the endothelium of 
a large blood-vessel and, just above this and to the right, a smaller vesK'd 
wntli Its lumen iiracticnlly obliterated by the endothelial hyjierplasia. In 
other situations, h) compression ot tliese a ilefinite cell-nest appearance is 
' produced. 

Fig. 6. Edge of the liver (upper part of section) covered by the thick carpet of 
enilotheliomatous growth (below). Note that the hepatic tissue itself is 
not invaded. 

Plate VI. 

Fig. 6. Section of lung, showdug the vessels in the walls of some of the alveoli dis- 
, tended and pi ugged by endothel lomatous cells. The air- passages themselves 
are free ot growtli. 
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|I4. A Revised (^dassifioation o£ the Tetraphyllidean Cestoda, 
witli Doscriptions of some Phyllobothriidse from 
Plymouth. By W.N. F. Woodland, F.Z.S., Wellcome 
Bureau of Scientific Research, Endsleigh Gardens, 
London, W.0. 1. 

[Raccivfd April 11, 1927 : Kead May 24, 1927.] 

(Plates I.-V.* ; Text-figure 1.) 

Daring the autumn of 1925 1 collected a large number of 
Oestodes froih 450 fishes at Plymouth, and though most of my 
material necessarily consisted of forms already known, yet the 
careful examination of tins enables me to add some information 
concerning the general characters of the Phyllobothriida? and to 
supply reasons for revising tlie classification of the Tetraphyllidea 
as a whole. Before proceeding to discuss these subjects, however, 
1 will report upon the examples of Phyllobothriidas obtained by 
me at Plymouth, partly in order to describe one or two new 
species and to clear up some misapprehensions, but chiefly in 
order to elucidate tlie principal deep-seated general characters of 
this family. J may also here anticipate my final conclusions so 
far as to state that by the term Phyllobothriidao 1 hereby desig- 
nate both the unarmed and armed forms usually separated into 
two families — the Phyllobothriida) and Onchobothriidw— and 
that the Order Tetraphyllidea includes, from my standpoint, the 
three families of the Phyllobothriidee, the Tetrarhynchidce 
(usually regarded as a distinct Order, the Trypanorhyncha of 
Diesing), and the Proteocephalid®. 

Part I. — Phyllobothriidse from Plymouth. 

Echeneiuoturium maoulatum, sp. n. (PI. I. figs. 1-14.) 

This small form is fairly common in Kaia maculaia at 
Plymoutli, it having been found in 18 out of 47 fish examined. 

I will first briefly desciibe its structure, and subsequently 
indicate its chief features and affinities with other species. 

Length of worm 8-15 mm., normally about 9 mm. Maximum breadth of 
terminal proglottids (before Beparatlon) about 0*282 mm. Number of eegmenis 
in strobila varies between 29 and 70, normally about 50. The ecolex is 
dietinguished by a very prominent muscular roBtellum (the so-called “ myzo- 
rhynohus ”) .which, when most contracted (figs. 1, 2) is still conspicuous as a 
stout truncated pillar, and it can become extended to about six times its 
normal length (fig. 7). In longitudinal sections the extremity of the rostollnm 
8 seen to consist of a thick pad (fig. 9), covered with a circular fold of the 

* For explauatiou of the Plates^ see p. 547. 
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terminal subcaticula save for a email central opening. This pad can be 
retracted (Eg. 8), and then resembles a sucker in form. Attached to the hind 
surface of the pad are strong retractor muscles, which are additional to the 
longitudinal and circular muscles in the suboutioula. The phyllidea consist, 
in each case, of a proximal stalk and a distal expansion or bothridium» The 
Stalk varies considerably in length, also the bothridium (0*249-0*348 mm.). 
The concave outer surface of the expanded bothridium is often subdivided 
into 15 or 17 loculi (areolaj) by the temporary formation of ridges (costas) on 
each side (figs, 3, 4), but, under other conditions, these loculi are often entirely 
absent or at least invisible (tig. 2), and the edges of the bothridia may also 
become greatly thickened and the surface of the bothridium a nearly-closed 
cavity (fig. 6). Under other conditions the bothridia can contract and become 
ciumpled to form a cabbage-like mass. The scolex therefore can undergo 
considerable changes of form. 

The anterior end of the strobila practically shows no region of unsegmented 
neck. 

The proglottids, unless strongly contracted, are all longer than broad 
except the most anterior, and, even when the strobila is contracted, the pro- 
glottids are still much longer than broad over the greater part of its length. 
The terminal segments, before separation, may bo more than six times as long 
as broad, and anterior to these usually between four and five times as long. 
Terminal proglottids are shod from the hind end of the strobila in great 
quantity, and these isolated proglottids (fig. 11) are found in enormous 
numbers in the spiral valve intestine. They grow considerably after 
separation, and reach a maximum length of about 2*3 mm. and maximum 
breadth of nearly 0*5 mm. The genital apertures are irregularly alternate 
and are always situated a short distance behind the middle of the proglottid 
length, usually at about the bogimiing of the posterior third, but somotimoB a 
little anterior to this. 

The testes vary from 16^20 in number and lie in two rows, one on each side 
of the median axis (fig. 11), and vary in size according to development. When 
fully developed they occupy the greater part of the depth and breadth of the 
proglottid (fig. 13). The cirrus-sac is large and ovoid with a distinct though 
thin wall, measuring on an average about 0*186 x 0*106 ram. in isolated pro- 
glottids, extending in many cases over more than half the proglottid br eadth 
and containing a much-coiled and very long cirrus. The outermost part of 
the unextruded cirrus (the basal portion of the extended cirrus) is thick- 
walled and probably muscular and boars mimitc} spines internally, but this is 
soon succeeded by a much longer thin-walled much-coiled unarmed portion 
(the distal portion of the extruded organ). When fully extruded the cirrus 
exceeds in length the whole proglottis, and it can be seen that only the thick- 
walled basal part is armed. 

The vagina opens immediately anterior to the opening of the cirrus-sac, and 
both openings are practically on the external surface, a sinus genitalis only 
being represented by a shallow depressii^m. The vagina is very long and con- 
voluted and dilated for a great part of its course, running dorsally to the 
uterus and ventrally to the uterine duct, and it opens posteriorly into the very 
conspicuous thick- walled ovoid fertilization chamber which is developed on 
the oviduct just anteiior to the smaller spherical egg-ejector (“ Schluok- 
apparat *’), which last is situated on the anterior side of the median ovarian 
isthmus. From this fertilization chamber the oviduct goes posteriorly to the 
level of the hind end of the ovary, bends forward and develops a sbell-gland, 
from which arises the uterine duct, which runs forward, crosses over the 
oirruB-sao and under the vagina, and opens into the median longitinjinal egg- 
storing part of the uterus or uterine sac (fig. 10). The uterine sac is at first 
a simple elongated narrow sac* but it ultimately widens out and fills the whole 
proglottid, forming diverticula at its sides. I could detect no utmrine aperture 
or apertures in my sHde preparations, though when the living isolated pro- 
glottids were placed on slides they all immediately shed hundreds of eggs 
from one or more points presumably on the ventral surface. 
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The OTary takes the form of two doreal and two yentral ** homH,*’ all four 
diverging from the ends of a central middle-piece or isthmus (fig. 10). Seen 
end-on the ovai'y would thus have the form of an X (fig. 12). In isolated 
proglottids the ovary extends over from one-quarter to one-third of the 
proglottid length. The vitellaria are over 100 in number and are located in 
two marginal strands, each strand consisting for the most part of two rows, 
and they extend from the anterior end of the proglottid to behind the ovary 
(fig. 11). Since there is no distinct cortical region of the parenchyma, the 
vitellaria, like the testes, must be regarded as medullary in position. The 
shed eggs (preserved in formalin) are spherical (fig. 14) and measure about 55 
microns in external diameter. They possess two ifiiells, an outer thin though 
tough shell and an inner thicker shell (about 22 microns in diameter). The 
contained embryos possessed the usual six hooks, about 11 microns long. 
When first deposited in the uterus the eggs are in clusters. 

The excretory system consists of two main lateral channels, one on each 
side, situated at the periphery of the parenchymal zone and nearer the ventral 
than the dorsal side of the proglottid. These open at the posterior end of 
the free proglottid into a very distinct excretory bladder, which opens by a 
duct to the exterior in the middle line. I believe I could detect the two nerve 
trunks lying just external to the vitellaria, and midway between the dorsal 
and central rows. The longitudinal musculature consists of isolated fibres 
lying scattered in the region extending from underneath the cuticle to the 
innermost limit of the broa<l nuclear layer of the subcuticula (fig. 13). The 
only circular fibres present lie, in a thin layer, immediately under the cuticle 
and external to the outermost longitudinal fibres. There is no layer of 
circular fibres separating the longitudinal fibres from the parenchyma 
containing the genital organs. 

Isolated proglottids, when fully ripe, are reduced to the condition of bags 
of eggs, most of the other organs having disintegrated. 

The most noteworthy feature of the species just described is 
the prominent permanent rostellum. Other features worth 
remarking upon, as being characteristic of the family to which 
the species belongs, are the absence of a distinct internal layer of 
longitudinal muscles and the extension of the longitudinal 
muscle-fibres and bundles of fibres throughout the subcuticular 
layer, the position of the vagina dorsal to the uterine sac, and the 
quadripartite form of the ovary. 

Of the twenty odd species of Echeneihothriurn listed by 
Southwell (1925), only three can be regarded as possibly identical 
with the one I have described above. Tfiese are E* affine Olsson, 
1866, E. grctcile Zscbokke, 1889, and E. auatriniivi Linton, 1924. 
E, afine^ however, difiers from iny new species in having at least 
three transverse septa in the bothridiiun and in having a distinct 
neck, a cirrus armed over its entire length, and other smaller 
differences. E, gracile differs in apparently being devoid of a 
distinct permanent rostellum, in the terminal part of the cirrus 
being spiny, and in other small differences. E, austrinum differs 
in being longer and in having a short massive ovary (two oval 
lobes in surface view) and was found in South Africa. Doubtless 
these diffei'enoea are small and yet they are sufficient to indicate 
for certain that we are not dealing with identical species, and 1 
doubt the wisdom of Southwell’s efforts to prove that the twenty 
odd Echmeihothrium species described can all be relegated to five 
valid species : it appears to me much more probable that all or 
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most of them are valid. I am confirmed in this view by the fact 
tiiat Southwell regards as synonyms of E. tumidvhim ($l species 
itself “ difficult to identify the E. affine of Olsson (not unlike 
the species I have just described) and the E, variahUe of van 
Beneden (described in part in the next section) — two species 
which are about as distinct as any two species of one genus can 
be. On the other hand, I do not believe that Southwell has gone 
half far enough in his restriction of the number of Phyllobothriid 
genera. 

Eohenbibothrium variabilb van Beneden & E. (“ Disoobo- 
thbium”) fallax (van Beneden). (PI. II. figs. 15-27 ; 
PI. III. figs. 28-38.) 

Though several zoologists (van Beneden, 1850, 1868; Olsson, 
1866; Linton, 1889, and Beauchamp, 1905, fov E , variahile *y 
and LOnnherg, 1889, and Beauchamp, 1905, for E, fallow) have 
descnbed the scolices and the main characteristics of the strobil® 
of these two species, yet the facts that both Monticelli (1890) 
and Olsson (1893) considered these two species to be identical, 
while Ldnnberg (1889) and Beauchamp (1905), on the other 
hand, considered that they belonged to distinct genera, show that 
a detailed comparison of these two species is essential. Braun 
(1900), without a.ssigning any definite reasons, regarded the genus 
Discohothrixim as a subgenus of Echeneibothrium and thereby 
implied that jE'. variahile and “ fallax are but two species of 
one genus, and this view is amply justified by the following 
comparison between the two species. 

Body^Lengths and Proglottid MeasurementB 

1 posseeft seventeen specimens of E, variabile and nine of “ D,'' fallax, both 
^eeies being found in Raia clavata and B. macnlata at Plymouth, but 
j&. variahile is mostly found in B. clavata and “ P.” fallax mostly in B. macAi- 
lata. The maximum length of body in both species is, in my material, about 
70 mm. (in balsam), but the maximum breadth of the strobila is usually 
greater in fallax (in one 60 mm. uuflattened spirit specimen 0*99 mm.) 
than in B. variahile (in one 60 mm. unfiattened spirit specimen 0*64 mm.) and 
the anterior third of the strobila is always markedly more slender in mature 
B. variabile (0*1 1-0*19 mm. just behind the scolex in seven unflattened spoci- 
mens) than in mature “P.”/atlu£C (0*29-0*33 mm, in two unflattened specimens), 
and I can always distinguish the species externally by these differences of 
shape of the strobila, the slender anterior end of E, variahile being very 
characteristio (fig. 34). An unsegmented neck is usually absent in E, variabile 
but only occasionally so in fallax, and the posterior proglottids of the 
former species are usually longer in proportion to their breadth than in 
the latter species (cf, figs. 24 and 35), but neither of these two characters can 
be relied upon as trustworthy distinctions. A character which is more 
reliable is the nearly circular outline of transverse sections through mature 
and ripe proglottids of E, variahile, whereas the corresponding proglottids of 
“ DJ* fallax are nearly twice as broad as deep {cf figs. 25-27 with 36-38). 

The Scolices, 

The differences of form and structure between the scolices of E, varicMe 
and fallax are, though not very conspicuous, yet quite distinct, as may 
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be gathered from figures 15, 16, and 17 compared with figures 28 and 29 and 
thefigures supplied by preTious authors (vide Johnstone, 1906, and Beauchamp, 
1905, e. g*)» The rostellum of mature unflattened specimens of E. variabile is 
approximately spherical in form (oir. 0*664 in diameter in a 60 mm. specimen), 
often has an irregular outline at the apex due to protrusion through the large 
terminal aperture of the irregularly-shaped mass within (fig. 15), and has a 
base with a very irregular orenulated outline (fig. 16), marking the attach- 
ments of the retractor muscles (figured by Johnstone,- 1910), and the bothridia 
arise well below the rostellum, are pedioelled and therefore more or less 
elongated and, though extremely variable in shape, usually show a number of 
loculi. In mature unflattened ** B.” /ollaa;, on the other hand, the rostellum 
is flatter in form (0*78 mm. broad by 0*38 mm. high in a 60 mm. specimen), 
this flat shape in part being due to the bothridia arising from the sides instead 
of from the base of the scolex), and has a more solid outline, the contained 
muscular mass being more spherical in form than in JE, mriahile, while the 
bothridia are always much shorter than in E. tniriahile and usually show but 
few indications of loculi. In young forms of E» variabile the rostellum is 
often very small compared with the bothridia and sometimes cylindrical in 
form (figs. 20, 22), the latter always being very evident, and these can thus 
be easily distinguished from the young forms of “ B.*’ fallaae, in which the 
rostellum is always large compared with the bothridia, which are merely 
represented by flat suckers (fig. 32). As figures 16-19 show, the bothridia of 
E, mHahile can assume the most varied forms, even the hinged form (fig. 17) 
found in On the other hand, young forms of DJ' fallajs (fig. 32) 

strongly resemble' certain species of Tylocephalum (T. ludificans^ e. g.), a genus 
which Southwell places in the Cyclophyliidea solely ou account of the four 
suckers. 


Internal Anatomy. 

As regards the internal anatomy, distinctions between the two species are 
several in number and sharply defined. In transverse sections of E, variabile 
the ripe testes (20-27 in total number) rarely exceed four in number (fig. 25), 
whereas in ‘* B.” fallen they (24-35 in total number) are about twice as 
numerous (fig. 36). The same remark applies to the vitellaria, those of 
^ B.” falla.v being two or three times as numerous as those of E. variabile. 
In E, variabile the cirrus-sac is relatively large (cir. 0*215 mm. long) and when 
fully expanded extends half-way across the proglottid (fig, 26), whereas in 
“ B.” fallal' it is relatively small (cir. 0*157 mm. long) and extends aoroas at 
most one-third of the proglottid breadth (fig. 37). Finally, in E. variabile 
only one pair of large ventral excretory channels exists, lying immediately 
under the vitellarian strands towards the ventral side of the proglottid 
(figs. 25-27), whereas in “ D.” faJlar there are two pairs of excretory channels, 
the large ventral pair lying to the inner sides of the broad lateral masses of 
vitellaria and about midway in the proglottid depth, and the small dorsal pair 
lying dorsal to the vitellaria (figs. 36-38). 

I may add that in both species a dorsal (posteriorly) uterine duct exists (the 
“oviduct ” of Zsohokke, 1889 ; the “ ootype or primary uterus ” of Haswell, 
1902' 3 ; and the “ uterine canal ” of Johnstone, 1920) which opens into the 
uterine aao or uterus proper anterior to the ovary, that all my specimens were 
too young to show the ventral uterine opening, and that in both species the 
ovary a->aumes, in transverse section, the usual X-shape, with a dorsal shell- 
gland and a ventral egg-ejector. iUso in both species the cirrus-sac and 
vagina pass dorsally to the lateral nerve (the reverse is the case in many 
Phyllobothriidce). 

Though it is evident from the above description that the two 
species described are quite distinct, yet it is also evident that 
they are sufficiently closely related to be Included in the same 
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genua, in which case the genus Diacohoihrium must disappear, so 
fat as this species is concerned. Though Beauchamp says of the 
bothridium of fcdldx that •* il ne presente aucune espJce 

dglvfoles ou de replis transversaux yet it is a fact that very 
distinct loculi are often to be found (fig, 31), and this fact 
removes the only objection to naming the Echeneihothriam 

jidlax (van Beneden, 1871). I may also mention that although 
a spiny covering of the rostellum (apart from the terminal ** os 
is quite evident in one of my young specimens of E. falktx 
(fig. 32) yet I cannot confirm Beauchamp’s statement that it 
occurs in mature worms. 

Eohsnsibothrium julievansium, sp. n. (PI. IV, figs. 39-42.) 

In 1889 Linton figured the scolex of a species of Echeneiboth- 
rium from Raia hatis wliich he regarded as probably an aberrant 
form of E. variahile, and Johnstone (1906) likewise figured a 
somewhat similar form from R, erinacea which he also referred 
to E, variahile. I have also found a single immature worm in 
Raia macidaiat the scolex of which somewhat resembles those 
figured by Linton and Johnstone, but transverse sections through 
the proglottids (even though immature) piove that the worm 
belongs to a distinct species. 

This worm measures about 55 mm. in balsam, with a maximum breadth of 
0*7 mm. The anterior half of the strobila is very slender (average breadth of 
0*1 mm.), and in this respect it resembles the strobila of JS, variabile. On the 
other band, the immature proglottids are all much broader than long (e. g, the 
eighth segment in front of the terminal measures 0*58 X 0*19 mm.), except the 
hlxmtly-pointed last or terminal segment (which is only very little longer than 
broad, measuring 0*41 x 0*36 mm.), and tiiis is very nnHke the proglottids of 
immature or mature E. varialnle. 

The soolex is of the form shown in fig. 39. In balsam and slightly fattened, 
each phyllidiuni consists of a distinct thick pedicel which carries a thick- 
walled suoker-like bothridium measuring about 0*5 mm. in breadth. The 
.walls of the bothridium show distinct traces of septa and therefore loculi, 
though they are few in number. The rostellnm is, in my specimen, very small 
(0*24 mm, long and 0*17 mm. broad) and contains a large cavity with a 
terminal os. The unsegmented neck is so short as to be practically absent. 

As I have already mentioned, the posterior proglottids of this worm are all 
immature ; nevertheless it can bo seen that the general arrangement of the 
organs is like that of other Phyllobothriido). The genital openings open 
marginkDy in the hind third of the proglottid length and are irregularly 
alternate. The testes ore about thirty-two to forty in number (except in the 
terminal segment in which there are only about twenty-four) and are mostly 
disposed in two fields. The vitellaria are very undeveloped individually but 
their general distribution is normal, though, in transverse sections (figs. 40, 
41), the two lateral masses of vitellaria appear to be joined across the medulla^ 
dorsally and ventrally, by cords of similar embryonic cells (c/. Cohn^s Prcao- 
hoihrium arniigertt,m from Sqiwhia cicanthias: vide infra). It is probable, 
however, that this annular arrangement of the vitellaria disappears in mature 
proglottids and only represents a vestige of the ancestral condition of these 
forms (vide Part 11.). 

These transverse sections also reveal the fact that two pairs of excretory 
channels exist — a fact suifioient to disprove the identity of this species with 

eanohite. Another notable fact is that, as in E, variahUe and E, fallax^ 
the oirms-sao and vagina pass dorsally to the lateral nerve (fig. 41). The 
ovary is X-shaped as usual. 
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Tilis species is evidently quite distinct from the E. dvhium of 
van Beneden, examples of which only consist of about twenty 
proglottids, the last of which is about one-third the length of the 
entire strobila. In duhium also the genital apertures are 
situated at about the middle of the proglottid length, and not 
behind, as in the present species. 


ScYPHOPHYLLiDiUM GXGANTSUM {Anthohothrivm gigmiteum 
van Beneden, 1858), gen. n. (PI. IV, figs. 4'3, 44.) 

I discovered a single specimen of this species in the spiral valve 
intestine of GaleiM vulgaris Flem. at Plymouth, associated with 
two specimens of Anthobothrium cornucopia. 

The worm, flattened and mounted in balsam, measured roughly about 
95 mm., but sinoe an unknown number of the end proglottids have become 
detached and those proglottids which remain are very imxnature, it is impossible 
to guess as to its length in life when the worm was entire, but it must have 
been considerable. Van Beneden states that his specimens of Anthohothrium 
giganfea (a species with which I believe my species is identical) attained a 
length of 15 cm. and a maximum breadth behind of 2-3 mm. 

The soolex of my specimen measured (in balsam) 1*19 mm. in breadth, and 
the individual “ bothridia ” about half this breadth. The “ bothridia ** 
(figs. 43, 44) are globose structures (*^ resembleut k des ventouses de t4nia 
pedicuhies " — ^van jBeneden), with fairly thick walls, deep cavities, and 
irregrularly •shaped slit>like openings. They appear to be practically sessile, 
though doubtless their i:)asal attachments are capable of extension. 1 could 
detect no trace of loculi, and it is very doubtful if such exist in connection 
with such limited areas of wall. Though I was unable to out horizontal 
sections across these bothridia I think I am justified in assuming that 
loculi are absent. A rostellum is absent and I could detect no spines. The 
unsegmented neck in my flattened specimen is very long, exceeding 30 mm. 

The genital openings are situated in the anterior third of the proglottid 
length and are irregularly alternate. The proglottids are all broader than 
long in my specimen, the most posterior measuring (flattened) 1*57 X 0*78 mm. 
In surface view the very young proglottids appear to be of the normal Phyllo- 
botliriid type, and transverse sections confirm this. Sinoe all my proglottids 
wore artificially flattened before cutting I am unable to provide correct 
drawings and will merely record that the ovary is, as usual, X-shaped, that 
two pairs of excretory canals are present, and that the cirrus- sac and vagina 
lie ventrally to the lateral nerve (t. «. the opposite condition to that found in 
the three preceding species). The vitellaria were almost entirely undeveloped, 
but I believe they have the typical Phyllobothriid arrangement. 

The above species was first briefly described by van Beneden 
and, so far as I know, it has not been redescrihed. Yan 
Beneden assigned it to the genus Anthobothrium^ though he 
admitted that the bothridia have practically taken on the form 
of suckers. Because of the presence of these typical suckers 1 
was at first inclined to refer the species to Oohn’s genus Proso- 
hothrium (P. armigerum found in the stomach of SquaVus 
acanthia8\ but P. armigerum is not a typical Phyllobothriid 

• Southwell (1925, p. 129) say* that “ the anatomy of P. armig&rum is exactly 
similar to that of typical speoiea in the Order Tetraphyllidea, but, as it apparently 
possesses four suckers instead of four bothridia, it appears that P. armigerum Oohn 
should be referred to the Qrder CyelopbylUdea, emended, and to tlie sub-Order 
Multivitellata.** 1 am unable to agree with either the statement or the suggestion. 

35 * 
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ginoe it possegges a tinllaminate ovaiy (i,e, not X*ghaped in 
tiansvorse sections but one<layere<1, as in ProteocephalidsB) and 
vitellaria arranged, in transverse sections, in a complete circle 
surrounding all the other organs except the lateral nerves 
(of. EchmeS>oihrvwm jvlievcmsivm above). It is also impossible, 
according to present methods of classification, to refer the species 
to Mola’s genera Aocohothrium and Oyatocotyle^ because the 
bothridia of these genera are cylindrical and the vitellaria form 
a circle round the other organs in the horizontal plane of the 
pi’oglottid, and other features of the internal anatomy appear to 
be unknown. The only alternative, therefore, is to create a new 
genus to receive Phyllobothriid species possessing a simple scolex 
with bothridia modified into suckers and devoid of a rostellum 
(thus distinguishing the genus from the various “ Lecanicephalid ” 
genera), and I propose the nfune Scyphophyllidium, The distinc* 
tions between this genus and Proteocephalid genera, (all the 
individuals of which possess suckers) will be indicated below. 

The five species described above form an interesting series 
illustrating the gradual modification of the entire phyllidium 
into a sucker, just as individual loculi become modified into 
suckers. In Echeneihothrium ma>culatam the phyllidium consists 
of a long pedicel and a large expanded hothridium with a surface 
usually subdivided into numerous loculi ; in E, variahile the 
bothridia are more compact and the loculi fewer in number ; in 
E ^ julievamium and E. fallcix the bothridium has become cup- 
shaped, with only traces of loculi, and the pedicel is practically 
absent in the latter species, and in Scyphophyllidimn giganteum 
the bothridium is completely sucker-like, the pedicel only 
remaining as an extensile base, as in Proteocephalid a.. This 
modification of the entire phyllidium into a sucker evidently 
afiTords no more justification for transferring ScyphophylUdium 
from the Tetraphyllidea to the Cyclophyllidea than does tl)e 
similar modification of loculi into suckers, since the main organi- 
zation of the worm remains Tatraphyllidean, and the same remark 
applies to the Proteocephalids. In other words, so long as these 
worms retain their marginal vitellaria and ventral uterine pores, 
the appeamnce of suckers — organs developed both orthogenetically 
and adventitiously in so many different groups of the animal 
kingdom — cannot justify their inclusion with worms possessing a 
concentrated median vitelline gland and devoul of uterine pores. 
Oestodes, like other animals, must be classified by the majority of 
their characters and not by a single veiy capricious chaiacter, 
however convenient, and it is impossible therefore to accept that 
part of SouthwelFs scheme of classification which is based on the 
assumption that if a worm possesses four suckers on its scolex it 
must, ip 9 o belong to the Cyclophyllidea, quite apart from 
the possibility that its organization may, in all other respects, be 
typically Phyllobothriid or Proteocephalid. Still less sympathy 
have we with SouthwelTs other proposal to erect a new Order of 
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Oestodeg to include worms with a ‘‘ head very variable in appear- 
ance,” only negatively chaiacterized as possessing neither four 
suckers, four bothridia, four proboscides, nor two bothria — the 
sole definition of the Order ! ! 

* Anthobotheiitm corkucopia van Beneden, 1860. 

(Pi. IV. figs. 45, 46.) 

1 obtained two large fully-iiiatiire specimens and a number of 
free proglottids from Galeus vulgaris, one about 90 mm. long. 
This form was first briefiy described by van Beneden and fully 
described by Zschokke (1889). 

Zschokke described olearly the uterine duct (dorsal to the vagina) which 
opens into the uterine sac anterior to the ovary, the dorsal shelhgland, and 
ventral egg-ejector. The ovary in this species is not strictly X-shaped in 
transverse section, as fig. 45 shows, but is irregular in form, consisting of a 
broad median piece with numerous dorsal and ventral extensions. The X-form 
is, however, more evident in young proglottids. The uterine aperture is only 
to be found in free proglottids, and it and the uterus proper (fig. 46) are 
almost exactly of the “ SolenoimnUi ” type described by Beddard (1913) in a 
Proteooephaiid. In other words, the uterus proper arises as a narrow median 
tube which later spreads a little to each side of the median line, and then, 
instead of extending tliroughout the medulla by developing lateral diverticula, 
as in most Tetmphyllidea, unites its ventral wall along its entire length (t. e. 
from just in front of the ovary to near the anterior limit of the proglottid) 
with the ventral subcuticula (previously attenuated for the purpose) and opens 
to the exterior, tlnis liberating the eggs as fast as they arrive by the uterine 
duct. Thus the eggs are never stored in the uterus and the uterine aperture 
is not a mere dehiscence, as is sometimes supposed. So far as I can see in 
my sections, only two ventral excretory canals are present, dorsal canals being 
absent. Also the cirrus-sac and vagina pass ventrally to the lateral nerve, 
i. e, the nerve is dorsal. The vagina hes, as usual, dorsally to the uterine sac. 

PiiYLLOBOTHRiUM LACTUCA van Beneden, 1850. 

Tlii.s species, althoiigli one of the most familiar of the Phyllo- 
botliriida;, Inis, curiously enough, not yet been described in any 
detail from a European host. Van Beneden gave a very brief 
general description of its anatomy (his specimens were obtained 
from Mustelus vulgaris) and stated, among other things, that the 
proglottids become free and attain a length of from 1 2^1 5 mm. 
and bieadth of 4-5 mm., and that the genital apertures are 
situated in the first quarter of the proglottid length. Southwell 
(1921) gave a general description of the anatomy of what he 
believes to be this species from Galeocsrdo tigrinus, caught oft* 
Ceylon, and again in his recent monograph (1925) he repeats this 
description for specimens obtained from Tryyon ktthli and 
1\ walga, also obtaine<i from Ceylon, and in this latter description 
(winch 1 alone consider) he also states that there are “ free ” 
proglottids and that in attached segments the uterus always 
remains tubular and devoid of eggs. Both of these authors thus 
describe the ripe proglottids as being free, and van Beneden pro- 
vides a figure. Yoshida (1917), on the other hand, describes 
very fully the anatomy of what is probably this species from 
Oynim manazo Bleeker, caught ofif Japan, and in his description 
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he emphasizes the fact that the terminal proglottids do not 
become free and that these posterior proglottids contain uteri 
distended with eggs which ai^e discharged from the median 
ventral line. Bince my specimens of this species, obtained fix>m 
the same host as that from which van Beneden obtained his 
specimens, agree in all essentials with Yoshida^s description, it 
appears to be almost certain that the free proglottids described 
by van Beneden were really those of Calliohothrium verticillatum^ 
a species commonly found, together with P, lactuca^ in Mueielus 
vulgaris. 

Hy largest specimen measured when alive, though contracted, about 
180 mm. and the scolices (four in number) from about 3-6 mm. in diameter, 
according to the state of contraction. In all other respects my specimens 
agree with Yoshid^’s excellent detailed description, but he has omitted to 
supply the information that the uterine duct, which runs forward dorsal to the 
vagina, turns vontrally, anterior to the ovary, and opens into tlie uterus 
proper (uterine sac), as is usual in these forms. In young segments the uterus 
shows no signs of connecting with the exterior nor does the ventral subcuticula 
show any attenuation. In segments with egg*containing uteri the uterus dips 
down (as seen in transverse sections) among the muscle bundles of the subcuti- 
oula, causing this region of the subcuticula to become very thin, and ultimately 
the ventral subcuticula splits along the middle line and its edges become 
confluent with the thin walls of the uterus, which afterwards split, liberating 
the eggs. The elongated uterine oriflee cannot therefore be regarded as a 
mere dehiscence. Tlie ovary is typically X*Bhapcd in transverse section. 

Phyllobothriitm unilatkrale Southwell, 1925. 

(PI. lY. figs. 47-49.) 

Zschokke (1889) described the greater part of the anatonjy of 
a Phyllobothriid from Squatina angehis which he regarded as nn 
example of van Beneden Fhyllohoihrium thridaic^ but, as South- 
well (1925) points out, Zscbokke’.s specimens difler from tljose of 
van Beneden in the anterior situation and unilateral disposition 
of the genital openings in the former. Southwell therefore 
proposes the new specific name unilatercde. 

1 obtained from Squatina angelus one specimen, apparently of this species, 
which measured when alive about 120 mm. in length. In view of Zpchokke's 
nearly complete description of this worm I need only refer to certain featui-es 
with which he has not dealt. The scolez of my specimen is shown in flg. 47. 
Accessory suckers were api^rently absent. This worm has posterior gravid 
proglottids, nearly square in outline and which apparently do not I^oome 
detached. One remarkable and very characteristic feature which at once 
strikes the eye in transverse sections is the presence of a very thin but very 
black Ime which separates usually on all sides the central region of the 
medulla occupied by the chief organs from the peripheral regiem of the cortex 
whoUy ooenpied by the subcuticula and the longitudinal muscle bundles. 
This line is flbrillated (flg. 49), some of the fibres penetrating at right angles 
to the line into the subcuticula and running between the longitudinal muscle 
buncos. This line may represent a thin circular muscle-layer, but if so it is 
unusually darkly coloured, and I have not seen its like in other PhyllobotbriidEi. 
This line is distinotly interrupted in the mid- ventral region from the anterior 
end of the ovary to a short distance in fiont of the ovary, and this interruption 
undoubtedly marks the site of the uterine aperture which in my material is 
very narrow (flg. 48). The uterine duct is of the usual kind and opens into 
the uterine sac at the level of the cirrus-sac. The uterine sac is large and 
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ooovj^es th» whole oentee of the inedullA> is full of ecpge in my material and 
oval in transTerse aeotion, and therefore not divided up into diverticnla, as is 
the oase in ao many other apeoiea. The uterine aao enda poateriorly juat 
under the anterior end of the ovary. The ovary ia typically X-ahaped. There 
are the uaual two paira of excretory oanala, and the lateral nervea are doraal 
to the eirrua-aao and vagina. 

f OayGSfATOBOTHBiuM MusTELi (van Beneden, 1850). 

(PI. V. figs. 50--63.) 

This species was first briefly described by van Beneden in 1860 
under the name of AnthohotkHwm musteli. Van Beueden in all 
probability included under this name three distinct species : 
(1) the species described in detail by Yoshida in 1917 under the 
name of Orpgmatobothrium velamet^tumy n. sp., from Cy^iiag 
manazo; (2) the species fully described byZscbokke (1889) under 
the name of Anthohothrium {Orygmatohothrium) musUli from 
MmUlus spp. ; and (3) a species identical with or similar to that 
described by Linton (1889) under the name of Orygmatohathrium 
(later CroBBoholhrivm) anguatum (from Carckariaa ohscwrua) and 
by Yoshida (1917) under the name of Croasohothrimn anguatum 
Linton (from Triakia acyUium)^ and which is not identical with 
0. muateli as Southwell assumes. Of this last species I possess 
one example from Muatdua vulgar ia. The first species — ^Yoshida's 
0. velameniwnis sp. n. — is to be regarded as identical with van 
Bermden’s Anthohothrium muateli^ because not only do the de- 
scription and two of the figures of the latter author tally with the 
very full description supplied by Yosliida, but more than forty 
examples of this worm, which I procured from Muatelua vulgaris 
at Plymouth, also accord, in every detail, with Yoshida s descrip- 
tion. On the other hand, Zschokke’s Anilwhothriurn (Orygmaio- 
hothrmm) muateli differs conspicuously from Yosli ids 's species and 
van Beneden’s description in having bothridia of very different 
shape, in the genital <»p 0 nings being situated behind the middle 
of the proglottid length instead of in front, in having two pairs 
of excretory vessels instead of one pair, and in other particulars, 
and I suggest that Zsohokke's species shall be renamed 0 zachokkei^ 
Linton’s 0, anguatum also differs in several minor features from 
Yoshida’s 0. velamentum^ since Yoshida describes both species 
successively in the same paper. Since Yoshida has omitted to 
describe several important features in his account of the present 
species (0. velarmntum becomes a synonym of 0. muateli) I will 
supply the deficiency. 

One feature, ebservable in transverse sections, which forms a sharp contrast 
with Phyllobothrivm wnilaferale is the entire absence of any line of demar* 
cation between the cortex and the medulla (fig. 52), though tho longitudinal 
muscle bundles are arranged in the same way. Another difference Is that in 
O. muateli there is only one pair of excretory channels — the ventral pair — 
situated internal to Hna viteUam and nearly midway in the proglottid depth, 
but slii^tly more ventral. And a third difference is that the lateral nerves 
run ventrally to the eisrus^sac and vagina. The dorsal shelhgland, ventral 
egg«e}eotor, and dorsal uterine duct (which opens into the uterine sac well 

the cirruSHum) are all of the usual type. The uterus is only vimble as 
a ventral narrow tube in proglotttds which still adhere to the steobila and in 
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the free iMcoglottidB (which attein a maximom of about 7 mm. And about 

2 mm. in breadth) it only beoomee very ebBhtly broader and develops laterally^ 
orenulated margins (indicative of potential sacculations) and very soon opens 
ventra^y, Erst of all by a distinct oironlar pore, with thick margins (hg. $3), 
which lai«r elongates until the uterus cavity is open to the exterior al9ng the 
greater part of its length : in other words, it is a uterus of the Solmotamia** 
type, previously noticed in Anthohothrium cornucopia. The eggs are ovoid in 
ahape, indeed almost spherical, measuring about 29X 27 microns (in formalin). 

Oalliobothrium VERTiciLLATUM (Rudolpili, 1819) 
van Benedeij, 1850. (PI. V. figs. 54, 55.) 

Thk common species has been well described by Zschokke 
(1889) and later by Southwell ( 1925). I have procured numerous 
specimens from Mustelus vulgaris and have cut many transverse 
sections. 

As Southwell describes, there are two pairs of excretory canals, but the 
cirrus-sac and vagina in my sections pass (as is usual) between the two canals 
of each side, the small dorsal vessel ^ing dorsal and the large ventral vessel 
ventral to the sac and vagina. I may also mention that the sao and vagina 
pass ventrally to the lateral nerve. A voluminous X-shaped ovary exists, 
also the usual uterine duct opening into the uterine sac. The free proglottids 
(figs. 54, 55) are very similar in general appearance and size to those of 
O. miutteli (both worms are commonly foimd together), but can easily be 
distingnisbed from those others by the presence at the hind end of the four 
laoiniate lobes characteristic of C, vcrticillatum^ by the small spherical cirrus- 
sac (oir. 0*13 mm. in diameter) and the direct course at right angles to the 
proglottid edge towards the middle of the proglottid of the vas deferens and 
the vagina (in 0. muateli the cirrus-sac is very large— cir. 0*8 mm. in length 
— and elongated in form and reaches the middle line of the proglottid, and the 
vagixia and vas deferens run anteriorly to a point in the middle line anterior 
to the uterus before turning posteriorly), and by the form of the uterine pore. 
In both C. verticillaium and O. mxmieii the uterus retains its tube-like form 
(not spreading all over the medulla as in many other species), but \ti the 
former species the uterus develops distinct funnel-like downgrowths (figs, 64, 
55), which pierce the ventral subcuticula and open to the exterior (I have 
counted from one to seven in number according to the size of the proglottid), 
wboreas in the latter species a similar single downgrowtli (sometimes two) 
develops about midway in the uterus length (fig. 53), which then extends 
anterio’»*ly and posteriorly until in the fully-ripe proglot^d the uterus aperture 
is represented by a long slit coextensive with the uterus length (in fig. 53 the 
initial pore has commenced to elongate). The eggs are spherical, the outer 
shell measuring about 29 microns in diameter and the contained embryo about 
20 microns, but these are measurements of eggs preserved in alcohol, conse- 
quently eggs in formalin would be larger. 

# AcANTHOBOTuiiitTM coBONATXJM vaii Beneden, 1850. 
Zschokke (1889) has described the anatomy of this species in 
detail and I have only to make the following comments, liased on 
preparations of numerons specimens (the largest about 120 mm. 
in length) obtained from Scyllium catulus Ciiv. {Scyliorhinus 
stellaris). 

The ovary is not strictly X-shaped in transverse section but consists of a 
central (i, e. lying midway between the dorsal and ventral surfaces) sheet of 
cells with dorsal and ventral lobes given off dorsally and ventrally : it may be 
regarded as a modification of the X*shape type in which the dorsal mA venkrsl 
bifuroations of the ovary lamina have either coalesced or not separatefL It 
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remam« true, howeTer» that the oreixy gubetanoe reaohee, on both aideg, to 
both the doraal and yentral limita oi the medulla. The lateral nerve lies 
dorsal to the cirmB-sao and vagrina. Southwell states that A» coronatum 
differs from Onehohothrivm psettdo-uncinaitm in having a dorsal uterine duet 
which opens into the ventral uterine sac at the level of the genital pores, the 
short ** oviduct ” in O. pa^udoouncinatum^ on the other hand, being continuous 
with the posterior extremity of the utms. This is not exactly the case, 
since, as my sections clearly show, 0, pa&udo-uncinatvm only differs from 
A» coronatum in that the uterine duct is short and bends ventrally while in 
the anterior region of the ovary, to open into the uterine sac as usual, the 
portion of the uterine sac posterior to this opening being short. The arrange- 
ment is otherwise identical in both species. There is no layer of circular 
muscles separating the longitudinal muscle bundles from the medulla. 

Acanthobothrium dujaedinii van Beneden, 1850. 

(PI. V. figs. 56, 57.) 

I have obtained numerous specimens from JRaia maculata* 
This minute species has been briefly described by Linton (1908, 
under the name of A, hrevisaime) and by Soutliwell (1925), and I 
will add some particulars in which my specimens differ from 
theirs. 

The total lengths of my specimens (in balsam) vary between 1*4 mm. and 
3*2 mm. The length of the terminal proglottid varies from 0*8 mm. to 
1*0 mm. and in breadth from 177 microns to 282 microns. The lengths of the 
scolex range from 315 microns up to 713 microns and the lengths of the hooks 
from 109 microns to 175 microns. The number of proglottids varies between 
4 and 8. These measurements and numbers, it will be noticed, differ oonsider- 
ably, both among the specimens themselves and also, especially those referring 
to the terminal proglottid, scolex, and hook, from those given by Southwell. 
The oirrus-sac is large (from 109x106 microns to 168x139 microns, these 
measurements differing largely from the 76x40 microns given by Southwell) 
and is situated about midway in the proglottid length, occupying in transverse 
sections nearly the whole of the medullary area. The ovary is, like the pro- 
glottid containing it, very elongated and narrow, but nevertheless shows, in 
trWsverse sections, the usual quadripartite form quite clearly (fig. 57). So 
far as I could observe them the longitudinal muscles and nerves are of the 
usual tyi>e. The uterus appeared to be undeveloped in all specimens. 

Onchoboturium PSEUDo-UNCiNATUM (Rudolphi, 1819) 
Beauchamp, 1905. (PL V. figs. 58, 59.) 

I obtained several specimens of this worm from Raia ma^ulata, 
which enable me to add some further details to Southweirs 
description of the anatomy. 

In one large specimen (approaching 180 mm. in length or more) the last 
attached segment measured 4*3 mm. in length (flattened) and free segments 
attained a length of over 5 mm. (flattened). The lengths of the hooks sur- 
mounting each bothridium were about 113 microns, a length greater than 
those given by Southwell (70-90 microns). The unsegment^ neck measured 
about 16 mm. long. The longitudinal muscles are, contrary to Southwell's 
statement, very well develop^ in mature proglottids (fig. 58), though it is 
true that in ripe proglottids wiffi distended uteri the whole subcuticular region 
becomes reduced in thickness. CiroulAr muscles at the periphery of the 
medulla are entirely absmit. The lateral nerve runs dorsally to the oirrus-sao 
and vagina. The ovary when mature has the appearance shown in fig. 58 in 
transverse sections. Bi immatureproglottids the ovary is of a typical X-form 
(fig. 59). 
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Th« vitellana iyi mature proglottids form two naiTOW strips as 
uaua], but, in many transverse sections of young segments, the 
vitellaria, in the region of the testes, form a more or less complete 
ring at the periphery of the medulla, surrounding all the other 
organa except the lateial nerves. This arrangement is noteworthy, 
and 1 shall remark upon it later. It will be remembered that a 
trace of this arrangement was to be seen in young proglottids of 
EcheneihothHum j^ievmisium (vide supra). 

A short uterine duct is present {vide under A. coranatum). The fully- 
developed uterus becomes crowded with egga and fills the entire proglottid, 
the other organs degenerating. This is a sign that a definite uterine aperture 
(if such exists) is of very late development, and it is probable that the eggs 
are liberated by what is apparently mere dehiscence of the wall. 

Summary of Part /. 

1* Some general characters of the Phyllobothriidte (sens, nov.), 
. important from a classificatory standj^oint, aj e : (a) the 
quadripartite form of ovary ; (b) the position of the vagina 
dorsal to the uterine sac; (c) the distriluition througliout 
the subcuticular layer of the fibres and bundles of fibres 
of the longitudinal muscle-layer, lying in a single peripheial 
zone; and (d) the vitellaria normally lie in two inaiginal 
strands but in the young proglottids of some species (e. g. 
EcheneihotJirium jnlierausium aiid O'nchvbothrhwi pseudo- 
uncinatum) a concentric avmngement (in transverse 
section) is present, which is probably reminiscent of an 
ancestral condition. 

2. Two new species of Echeneibotlirium are desc5ribed — E, 

m(zci(latum sah] E, julievansiu'w, A new genus — i^..'ypho- 
-is proposed to contain van Bentdens 
bothrium gigantea^ a Phyllobothriid species with a scolex 
hearing botliridia modified into true suckers, and a new' 
species of Orygmatohothrium is instituted — 0. zschokkei, 

3. Mcheueihothrmm variahile is detiniteiy distinguished from 

“ Discohothrium ’’ fallax on anatomical grounds, and the 
latter renamed Echemihothrium fallax. 

Pabt II. — A Bevisiou of the Classification of the 
Tetraphyllidea. 

The General (Jha/racters of the Phyllohothriidce sens. nov. 

From an examination of the internal proglottid anatomy of the 
fourteen species of Phyllobothriidse just referred to and from 
descriptions of other species by other authors, to be referred to 
later, I conclude that the following features are common to all 
true members of the family. The scolex, armed or unarmed, 
usually bears four phyllidea, i. e. more or less leaf-like expansions 
(bothridia) often borne on pedicels, but these in a few cases 
become modified into sucker-like organs indistinguishable from 
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those of the Proteocephalidce (as in ScffphophyUidium^ n. g.) and 
in other caaes are absent or only represented by small so-called 
“ accessory ” suckers (some ** Lecanioephalid " forms). The 
genital apertures are marginal and usually irregularly alternate. 
The parenchyma is not divided by an internal layer of longitudinal 
muscle bundles into cortex and medulla, the longitudinal muscu- 
lature being restricted to an undivided peripheral zone of fibres 
and bundles of fibres lying immediately internal to the thin 
circular muscle-layer underlying the cuticle and more or less co- 
extensive with the subcuticula. All the organs, except the 
lateral nerves, lie internal to the longitudinal muscle-layer. The 
vitellaria are disposed in two marginal stiands (though traces of 
a concentric, i. e, annular in transverse sections, arrangement are 
visible in the immature proglottids of a few species). The ovary 
is typically quadripartite in form, consisting in each half of the 
proglottid of a doiml and ventml layer and thus assuming an 
X-shaped form in transverse sections. In a few species, however, 
this plan is slightly modified, the dorsal and ventral laminse 
fusing, though each bears dorsal and ventral projections occupying 
the whole depth of the medulla. The uteiine organ is constantly 
divided into a small uterine duct lying dorsal to the vagina and 
a uterine sac (which varies greatly in size) lying ventral to the 
vagina, the duct usually opening into the sac anterior to the 
ovary. The uterine opening (or openings) is somewhat late in 
de\elopment and varies greatly in form, sometimes consisting of 
as many as seven or eight distinct ventral tubular canals, some- 
times of only a single pore, sometimes of an elongated slit with 
distinct margins, and sornetiines of a mere split resembling 
mechanical dehiscence. All available evidence points to the 
conclusion that the uterine openings are primarily prefoimed and 
not dehiscences due to an overfull uterus (vide Appendix). The 
vagina con.stantly lies dorsal to the uterus. The ripe proglottids 
frequently (but not always) become detached and free-living 
All species parasitic in Elasmobranch fishes. 

Ohaiucters apparently diagnostic of this family are the presence 
of phyllidea unassociated with proboscides, the single zone of 
longitudinal muscle biiiulles more or less co-extensive with the 
sul>cuticula, and the combination of the quadripartite ovary with 
a vagina dorsal to the uterus and with marginal vitellaria. 

All accounts of the anatomy of the Phyllobotlu'iidse (especially 
those of Zscbokke, Yoshida, and Haswell) show that the only 
distinction which can be made between the two old so-called 
families of the Phyllobothriidfie and Oiichobothriidte is the 
presence of hooks or spines on the scolices of the latter, but in 
my opinion this ohai*acter, in view of the complete identity of 
general organization of all these forms, cannot serve as a family 
distinction, though the armed and unarmed forms can still be 
distinguished, if so desired, by being grouped into the original 
subfamilies of Phyllacanthinse and Phyllobothrinie (Cariis, 1885), 
but this is a purely artificial separatiotu 



534 H». W. N, F. WOODLAND ; A REVXSBD OLASSIFIOAXION 


The General CharacUre of the Tetrarhynohidoe Oobbold 
( Trypaiwrhyncha Diesing), 

The detailed anatomy of these forms is not very extensively 
known, but the few complete and accurate accounts available 
tend to show that the following features are characteristic of the 
entire family. The scolex normally bears four phyllidea reduced 
to bothridia, either independent or fused in pairs, associated with 
four armed retractile proboscides, but in some cases (e. g, 
Aforhynohue Nybelin) the proboscides are absent and (should the 
internal anatomy of certain other species, at present included by 
Southwell in the Lecanicephalidaj,” compel us to regard these 
as belonging to the present family) in others the bothridia also 
become modified into suckers. The genital apertures are similar 
to those in the Phyllobothriidas. The longitudinal muscle-fibres 
and bundles of fibres, in the few species examined, instead of 
lying ill a single thick subcuticular zone, become sepamted into a 
thin subcuticular layer of single fibres and an internal layer of 
large bundles situated internal to the subcuticula and intermingled 
with or lying immediately external to the vitellarian follicles, 
which latter cannot be regarded as “ cortical.” The internal 
layer of bundles, however, is not always present (I cannot detect 
it in Tetrarhynchus tetrahothrium e. g.) though usually so. Tlie 
vitelhiria ai*e always concentric (in transverse sections of pro- 
glottids) and not marginal (i. e. linear) in arrangement and they 
usually lie, as we have just seen, in the same concentric zone as 
the longitudinal muscle-bundles. The cvary is quadripartite in 
form, as in the Phyllobothriidte, and likewise the uterine duct, 
uterine sac, and uterine pore are similar in both families. The 
vagina lies ventral to the cirrus-sac and ventral to the uterine sac 
(an important character), as seen in transverse sections. Ripe 
proglottids often become detached from the strobile, as in Phyllo- 
bothriidie. A 11 or at least most species are, in the sexual stage, 
parasitic in Elasmobrancli fishes. 

Pintner (1913) states four other characters distinguishing the 
Tetrarhynchid«e from the Phyllobothriida?, viz. that in the former 
family (1) the testes extend behind the ovary to the hind end of 
the proglottid (whereas in the latter family they are only to be 
found in front of the ovaiy) ; (2) the vas deferens runs from 
behind forwards and does not cross over the vagina (in Phyllo- 
bothriidfe the vas runs from in front backwards and crosses over 
the vagina) ; (3) the opening of the vagina is by the side of or 
behind the cirrus opening (in Phyllobothriid® the vagina opening 
is in front of the cirrus) ; and (4) the genital atrium is muscular 
and sucker-like (in Phyllobothriidss the atrium is not muscular). 
If these characters prove to lie constant for all spOcies they will 
be of value in defining the group, but they do not appear to me 
to be as ^Meep^seated or at least as obvious as most of the 
characters which 1 have named. 
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The Tetrarhyncbidas thus, so far as is known differ from the 
PhyUobothriid^ only in usually possessing armed proboscides, a 
distinct internal layer of longitudinal muscle-bundles, concentric- 
ally ^arranged vitellaria, a vagina situated ventrally to the uterus 
and cirrus-sac, and in some less conspicuous features. 

On the other hand, the Tetrarhynchid®, as all authors concede, 
fundamentally resemble the Phyllobothriid® in all the essential 
features of organization and infest the same hosts, and I contend 
that since they are so obviously closely allied there is no justih- 
catiori for placing them in different Orders : they are evidently 
as closely (and probably more closely) related to each other as the 
various families into which the Pseud ophyllidea are subdivided. 
I therefore propose to revive van Heneden’s well-founded 
procedure of placing the Tetrarhynchidw in the TetraphyJlidea 
along with the Phyllobothriid®. 

On the “ Lecrmicepkalidce ” Braun, 1900. 

South weirs emended definition of this family (Southwell, 
1925) is solely based on the characters of the scolex, no attention 
having been paid to the internal structure of the proglottid save 
that indicated by the remarks that the genitalia are “ as in 
Tetraphyllidea, except, so far as is known, in two species in which 
the vitelline gluiid is single and posterior ; genital pores ventral 
or lateral ; uterine pores present or absent.” In this supposed 
family the scolex is described as bearing four suckers and being 
made up of two portions : an anterior armed or unarmed retrac« 
tile or non-retractile portion which may be entire or split up into 
tentacular processes, and a posterior portion similarly variable in 
form. If we divert attention from the scolex to the internal 
anatomy of the proglottid, we find that very little is known about 
this latter and that little can only be gathered by the careful 
study of the relatively few superficial descriptions which exist. 
All or most of the species contained in this so-called family are 
parasitic in Elasrnobranch fishes, and this fact alone predisposes 
me, in the absence of sound anatomical evidence to the contniry, 
to regard them as of necessity belonging to one or other of the 
two families we have just attempted to define. 

I will first comment on those “ Lecanioephalid ” species which 
are probably to be placed in the Phyllobothriid®. Lecmiicephalum 

♦ I have myself only studied serial transverse sections of the common British 
species Ttitrarh^chua t«trah^lthri^« and Hhjftwhohothriua erinaa^uH, My authori* 
ties for statements referrinj? to the anatomy of other species and genera are Pintner, 
1918, 1926; Linton, 1024, 1925; Johnstone, 1911; Yoshida, 1917; Nybelin, 1918; 
and Queruer, 1926 

1 cannot at present agree with Poche’s (1926) conclusion that Haplobothrium is a 
primitive Tetrarhynchid, since it is possible that the true scolev of that form is an 
instance of parallel development and not indicative of genetic affinity (c/*. the isolated 
evolution of such a form of spolex as that of J^ol^pocephalms e. g.)-. Though we are 
very ignorant of the detailed organiaation of the so-called ** Lecanicepbalida?,” it is 
probable that fiature enffuiry will show that some of these forms, apparently alto- 

f jther devoid of a Tetrarhynchid type of scolex, are much more closely related to the* 
etrarhychids than Kaptihxtthrium with its ventral genital apertui*es. 
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petUx^um Linton^ Cepfudohothrium abruptum Southwell^ and 
C. mriabile Southwell are probably all Phyllobothriids, ae shown 
by the disposition of the longitudinal muscle-bundles in one sub- 
cuticular zone and the marginal vitellaria (and probably by 
Pintner’s character (1), but the species differ as regards Pin trier's 
characters (2) and This was Linton's opinion in the case of 

the first-named species. Likewise Tyhaphalumyorkei Southwell 
is probably also a Phyllobothriid and for the ^ame reasons 
(including Pintner’s characteis (1) and (3)). Balmiohothrium 
tmcbX Hornell and B. parvum Southwell are also almost certainly 
Phyllobothriids, as shown by the single subcuticular zone of 
loi^itudinal muscle-bundles, the marginal vitellaria, and by the 
vagina being situated dorsally to the uterus (and by Pintner's 
characters (1), (2), (3)). Finally, the single zone of muscles and 
the marginal vitellaria also indicate that Polypocepkalua radicUtca 
Braun and l^medusia Linton and Calycohothrium typieavnHouth- 
well are Phyllobothriids, and Linton held this view regarding the 
species described by him. 

It is true that the soolices of these species are very unlike the 
scolices of typical species of Phyllohothriurn, Anthohothrium, 
Bchemiboihriuni^ Orygmatobothriurny and other ordinary Phyllo- 
bothriid genera, but Southwell himself is of opinion that the 
genus JDiacohothrium is ‘‘closely related ” to Echeneibotkrium. and 
there is very little difference between the scolex of />. fallax 
{Echeneihothr%um fallaxy vide supra and figs, 28, 32) and tliose 
of species of Tylocephahm, 

I propose, therefore, subject to the species above-named being 
ultimately pi’oved to be Phyllobotliriids, that the genera Lecanice- 
phaluniy Cephalohothriurriy Bcdanohothriuniy Polypocepkalua ^ and 
Calycohothrium be included in this family. I am unable t > add 
the genus Tylocephalum because the type-species, whether 
T, pingue or 2\ trygonUy is insufficiently known anatomically. 

Some other “ Lecanicephalid " species, on the other hand, 
would, from the limited information available, appear to be 
Tetrarhynchid in organization. Thus in Adelohothriuni mtiohutidia 
Shipley and I'ylocephalum marawpium Linton the vitellaria are 
ari-anged concentrically, intermingling with a thick intenial layer 
of longitudinal muscle-bundles, and the vagina is stated to be 
ventral to the cirrus-pouch (and ventral to the uterus? South- 
well's fig. 195 contradicts his statement in the text). It is also 
Tetrarhynchid in Pintner's characters (2) and (3) but not in (1), 

I may here remark upon the fact (stated by Southwell) that in 
this species and in Tylocephalum dierama Shipley & Hornell 
(which is probably also a Tetrarhynchid) the vitellaria are 
marginal in immature proglottids and that they only become 
concenfric in ripe proglottids. This coiuise of development is in 
marked contact to the development of the vitellaria in Eckmei- 
hoiktinm jvlievcmsium and Omhobotkrium paeudo^imeinatum 
(vide supra) in which a concentric arrangement ultimately 
becomes a marginal one« 
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I propose then, provisionally, that the genus Addobothrivm 
should be included in tlie family Tetrarhynchid®. 

Of the remaining Lecanicephalid ” species, the anatomical 
information available compels us to await the results of further 
investigation before attempting their claasidcatioxi. Thus, MoWs 
Phomohothrium monticellii (from an unidentified Elasmobranch) 
is described as possessing a vagina ventral to the cirrus-sac (and 
apparently also ventral to the uterus>sac), an internal layer of 
longitudinal muscles and a ventral uterine opening — characters 
which would relegate it to the Tetrarhynchidee — but, on the other 
hand, the vitelline gland is described as a small body lying dorsal 
to the ovary —a most unusual feature if it be a fact. However, 
as just remarked, it is necessary to await further information 
concerning details of its internal anatomy before deciding on its 
appropriate systematic position, and 1 think Poche’s bold pi*o- 
cedure of placing this genus in the “ Taeniinea'' is certainly pre- 
iiialure, HiiniJarly, Shipley and HornelPs Tylooephalum trygonis 
and T» uamiak are described as possessing small bilobed vitelline 
glands, placed behind the ovary, and the same feature is 
apparently present in Lintons Discocephalum pUeatuin. If the 
fact>s he as stated, the vitelline glands in these species have 
evidently a^sumtid a Oyclophyllidean form, but in the absence of 
corroborative evidence from the rest of their anatomy, this 
featui*e by itself provides no valid reason for regarding these 
species as Cyolophyllidaan, since, although they also possess 
acetabula on their scoUces, the rest of their organi7i0.tion is in all 
probability strictly Tetrapbyllidean. Bothriocepbalid anatomy 
also shows us great variations in the disposition of the vitellaria 
ill that grouf), and in such a form as Parahotkrium bulbiferiim 
NyVielin, the vitellaria have almost assumed the disposition just 
describe<l for the aberrant “ Lecanicephalid ** species just 
mentioned, l>eing restricted to the posterior half of the proglottid 
and situated only on the ventral aide of the medulla in two small 
patches lying in the region of and under the ovary (Nj^belin, 
1922; Woodland, 1927). Pending further enquiry into the 
ana.tomy of PhanohoihHum monticellii, Discocephalum piled tum^ 
and the aberrant species of Tylocephalum named, I fully agree 
with Pocbe’s criticisms (1925, pp, 369, 870) of the statements of 
Linton and Southwell regartling the vitelline glands of the 
species described by them. 

The great variety to be found in Bothriocepbalid anatomy 
indeed prepares us for meeting with anomalous combinations of 
characters in some species which must be regarded as isolated 
survivors fi’om the period during which Pseud ophyllidea gave 
rise to Tetraphyllidea. Oohn^s Prosohothrium armigerum (from 
Squalus acanthias) is an example. This form combines concentric 
vitellaria (a Tetrarhynchid character), with a unilaminate ovary 
(a Proteocephalid character), a single subcuticular zone of longi* 
tudinol muscles (Phyllobothriid) and a vagina dorsal to the 
uterus (Phyllobothriid and Proteocephalid chaiacter). Again, 
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Linton (1925) has described as a Proteocephalid a parasite Mrhioh 
he calls Ichthyotomia adhmrens^ which is from Elasmobranch hosts 
^Ceetradan zygo^ and GcUeua ylauous. If this Oestode be a 
Proteocephalid it is the first to be described from Elasmobranchs, 
so far as I know. Linton’s justification for describing it as a 
Proteocephalid is the simple scolex with four suckers and a uni- 
laminate ovary ; on the other hand, the vitellaria are concentric 
— an unique feature in a Proteocephalid. It will be interesting 
to know whether tiie vagina is dorsal or ventml to the uterus in 
this form. Since I regard the concentric disposition of the 
vitellaria as a more important difference from other Proteoce- 
phnlids than such chai'Acteis as the one* or two-field disposition 
of the testes, or the presence or absence of spines on the scolex, I 
propose to rename Linton’s species after its describer—Zm^cmw^ia 
(tdhosrenn (Linton). 

The General Characters of the Proteocephalidm. 

In the Proteocephalidae, as is well known, the phyllidea have 
become replaced by typical suckers, usually borne on protriisible 
lobes, often only apparent when protruded. The genital apertures 
are similar to those in the Phyllobothriidae and Tetrarhynchidfie. 
The parenchyma is normally subdivided into two regions (cortex 
and medulla ♦) by an internal layer of longitudinal muscle 
bundles, but tin's is occasionally absent (cf, Phyllobothriidse), in 
which case the longitudinal musculature is situated wholly 
external to the nuclear layer of the subcuticula (in the Phyllo- 
bothriidfls the bundles are in the subcuticula as well as external 
to it). The vitellaria are always disposed (save in Lintoniella^ 
n. g., assuming that this is a Proteocephalid) in two marginal 
rows, but it is interesting to note that in some species Ohe strands 
become very thick po.steriorly and correspondingly attenuated 
anteriorly, and posteriorly spread somewhat towards the median 
line — a condition which, in conjunction with the scolex suckers, 
is, as Beddard first pointed out, peihaps prophetic of a Cyclo- 
phyllidean condition. The ovary is always unilaininnte* (in 
Proteocephalus tigrinus the lamina gives off dorsal and ventral 
projections, so resembling to some extent the ovary of seme 
atypical Phyllobothiiidsc). The uterine organ is frequently 
divided into a uterine duct and a uterine sac, but in other cases 
' the sac is continuous posteriorly with the oviduct. The uterus 
opens ventrally by preformed pores or more extensive longi- 
tudinal orifices. The vagina, although it may in some species be 

• Some aatliora to employ the iimermost traneverso (civcular) layer of 
muscles, which often lies just internal to the internal longitudinal muscle-layer, as 
the line of separation between the ** cortical and “ medullary ” areas of the paren- 
chyma, but this thin layer of circular muscles is no more stable than the laypr of 
longitudinal muscles and certainly not so obvious. I am aware that the distinction 
between cortical ” and “ medullary” is in many cases a futile one, but since the 
older authors lay great stress on this distinction, and utilised it as a family char- 
acter. and since it is probably of real importance in some cases (instance the genera 
MmtieelUat IBipkedrecBpM'Mt anu Mar»jfpoeephat%t$ in the Proteocephalidaq, it is 
still necessary to recognize it. 
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•ituatod ventrally to the cirrus^c, alwajre runs dorsal ly to the 
uterine sac. The natural separation of ripe proglottids from the 
strobila is only found to a very stnall extent and the original 
terminal segments are al6ne concerned. All species (except 
LintonieUa^ from an Elasmobranch) found in freshwater Fishes, 
Amphibia and Eeptilia. 

The General Charactera of the Tetraphyllidea* 

Since those species which have V>een united in the so-called 
family of the Lecanicephalidse possess no more tangible bond of 


Text-fignre 1 . 



TETRARHYNCHID 



PHYLLOBOTHRIID 



TYPICAL PROTEOCEPHALID 


Diaxmms to illustmte the Di&tinctioiiH, in Sections of Proglottids, between the 
three Families of the Tetrephyllidea. 


union than a scolex made np of two portions/^ each so variable 
in form as to exclude any idea of family affinity and, after all, 
only equivalent morphologically to subdivisions of the scolex 
proper, or to the rostellum and scolex of other Cestodes, it is 
evident that, until more sulistantial evidence of mutual affinity is 
adduced, they cannot be regarded as constituting a true morpho- 
logical group, and 1 have, therefore, on most insufficient grounds 
due to the lack of detail with which these forms have been 
described, attempted to relegate the majority of them to one or 
pRoo. ZooL. Soc.— 1927, No. XXXVI, 36 
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other of the older-established fajriilies. 1 have also shown 
reasons for believing that the so-called Oi'der Trypanorhynoha 
oannot exist as a separate Order. Forms possessing bothridia, 
quadripartite ovaries, uterine pores and genitalia, which on the 
whole are universally admitted to be of the Tetrapliyllideau plan, 
cannot stand apart from tlie Tetraphyllidea in the same sense 
that the Pseud ophyllidea and Oyclophyllidea stand apart, and the 
only alternative is to revert to the original view of van Beneden 
that, despite their peculiar possession of proboscides, they form 
but one family of the Tetraphyllidea, fairly closely allied to the 
PliyllobothriidsB. In both these families the bothridia in certain 
species tend to assume the torm of suckers, and in some cases 
Actually become suckers, and the ProteocephalidfiB only differ, as 
regards the scolex, fiom these other two families in that the 
bothridia in all cases have become suckers, borne usually on 
protrusible lobes. 

The problem is, in advocating the inclusion of these three 
families in one Order, to find deep-seated charactei'S common to 
all, which shall distinguish them from the other two Orders of 
Oestoda. Such diameters are either very inadequately stated or 
not stated at all, in the definitions of these three Ordeis, u hich 
occur in current text-books and monographs. Apart from certain 
typical characters of the scolex (which are invaluable in 
classification, though, as I have attempted to show, this state- 
ment cannot always apply to the mere presence of suckers and 
certain minor features which olten afford no guidance at all) the 
principal organ which affords grounds of distinction is tlie uterus. 
I will first state the general characters of the Tetrapliyllidea, 
and afterwards the diagnostic characters which enable us to 
distinguish these forms from the Pseiidopliyllidea and C^yclo- 
phyllidea. 

The general characters of the Tetraphyllidea are scolex 
may be armed or unarmed, and normally bears eilfier four 
phyllidea only (with or without accessory suckers), four 
phyllidea associated with four proboscides, or four suckers only, 
and may or may not cfirry arostellum (f. e., a projection extending 
anterior to the phyllidea, proboscides, or suckers, which may 
contain a special musculature, and bear a terminal organ as well 
as accessory organs, or may simply be represented by an “apical” 
organ). In a few cases the scolex is appai^ently devoid of all 
appendages (phyllidea, probosci<les, suckers), unleiss it be supposed 
that these have fused into a single structure ( 

The genital apertures are always marginal The ovary may 
be bilaminate (quadripartite) or nnilaminate in transverse 
section. The vitellaria are always of the scattered type, i, e., 
not concentrated into on© small compact body. The uterus 
always originates as a narrow elongated canal ruhning longitu- 
dinally in the middle line of the proglottid and may pemist in 

a aarask Shipley A Hornell is stated to have ventral genital pores 

in young proglottids, but this apparently remarkable species, like its feliowe, has not 
yet been described with the carefnl accuracy which it deserves. 
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this condition, but it normally l)ecomes enlarged so as to occupy 
the greater part of the medulla and usually bears lateral diverti- 
cula. The uterus in the vast majority of, if not in all, cases 
opens on the ventral surface usually by one or more pores, but 
occasionally by longitudinal slits. It is doubtful if the eggs 
are ever liberated by mere dehiscence (vide Appendix) apart 
from a preformed opening or rudiment of opening. Ripe and 
mature proglotticls frequently become detached individunlly 
from tbe end of the strobila. Parasitic in Fishes, Amphibia, 
and Reptilia. 

The only partially diagnostic single characters, i. e., characters 
ivhich distinguish some of the species of this Order from all 
species belonging to the other two Orders, are the presence of 
pbyllidea and proboscides, a quadripartite (X-shaped) ovary (the 
ovary in Psendophyllidea is, so far as I know, always unilaminate 
though often curled up dorsally at its edges, and always uni- 
laminate in CyclophylUdea), and Individ ually-detachable terminal 
segments*, but none of these characters is diagnostic of all 
Tetraphyllidea as distinguished from the other two Orders, and 
it is therefore necessary to find a combination of characters which 
shall serve this purpose. 

The only Psendophyllidea which, as regards the proglottids, 
can possibly be confused with Tetrapbyllidea, are the Amphicoty- 
lidao (vide Nybelin 1922), since these forms possess marginal 
genital pores, a median sac-Uke uterus (the uterus in the other 
family with marginal pores, the Triffinophorida}, is a coiled 
tube), in some cases with lateral sacculations, and vitellaria either 
cortical and conccmtric or serai-concentric, or medullary and 
concentric (so resembling those in Tetrarhynchida?), or semi- 
concentric (f. two marginal semi-circles, as in many Phyllo- 
bothriidfe), or medullary and marginal (as in Proteocephalidaj), or 
medulla^* Tnd restricted to two small patches underlying the 
ovaiy (ab approach to the Cyclophyllidean condition), and it is, 
perhaps, significant that some of these Aniphicotyliclse infest 
freshwater Teleosts. These Amphicotylidce, which probably 
represent the surviving remnant of the group which gave rise to 
both I'etm pbyllidea and Oyclophyllidea, very closely resemble 
Tetrapbyllidea in their general organisation, and, in fact, the only 
character which enables us at once to distinguish them is the 
dibothriate scolex, and even this is absent in the case of some 
deformed scolices (e. in Parahothrium hulbiferum). The only 
combination of characters then which enables us to distinguish 
all Tetrapbyllidea from all Psendophyllidea is the presence of 
marginal pores and elongated saccular uteri, associated with a 
Tetraphyllidean scolex. On the other hand, the Tetrapbyllidea 
can in the vast ma]ority of cases be easily distinguished from all 
Oyclophyllidea by the presence of uterine pores or slits, and by 
the marginally- or concentrically-arranged dispersed vitellaria, 

* la P«tadoph.vllides it it stated that proplottids are detanhed in groans and not 
individually. 1 do not Itnow whether this statement is valid for all segment* 
detaching Paeudophyllidea or not. 

36 * 
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but, as we have seen, a very few Tetraphyllidean species are said 
to possess concentrated fornos of vitelline glands, and likewise 
uterine pores have been stated to be absent in some cases, but 
these exceptions are so rai*e that they are of little importance. 
The diagnosis of the Order Tetraphyllidea then, in order that all, 
or at any rate the vast majority of, its meml)ers may be distin- 
guished from all the members of the other two Orders, must be 
one expressing the combination of the chamcters just given, viz,, 
a TetraphylHdean scolex (see definition in gonei’al characters 
given above), marginal genital pores, longitudinally-elongated 
median saccular uteri, ventml uterine pores or slits or vestiges of 
such which appear as dehiscences, and dispersed, marginally- or 
concentrically-arranged, viteliaria. 

Poche’s section on the Cestoda in his elaborate and in many 
ways novel ‘System der Platodaria* (1925), affords an almost 
amusing contrast with the system of classification advocated by 
Southwell, Southwell bases his divisions almo*»t entirely on the 
characters of the scolex, whereas Poche has so little respect for 
these characters in this connection that, despite their concentrated 
viteliaria, he unhesitatingly transfers the Tetrabothiiidce to the 
“ Bothriocephalidea and, despite their scattered viteliaria and 
uterine pores, groups the Phyllobothriida? (with the Proteoce- 
phalicla3, Lecaniceph alidad, and Pol ypoeephal idee) with the 
“Tfieniinea’^ (Oyclophyllidea). However, the feature about 
Poche’s classification which now concerns us is the fact that when 
he treats of the Tetrarhynchidw he retains his respect for the 
proboscidial type of scolex and, following tradition (no other 
reason is assigned), regards this family ns an Order — the 
“ Tetrarhynchidea/' — distinct and separate from the “ Phyllo- 
hothriinea,^^ which latter group, as we have just seen, is placed 
as a suborder of the Oyclophyllidea, I, on the contrary, for the 
reasons already given, maintain that the Tetrarhynchida? are 
sufl&ciently closely allied to the Pbyllobothriidw to be regarded, 
with the ProteocephalidfiB, as families of the same Older 
(Tetraphyllidea). Poche further maintains Braun^s family of 
the Lecanicephalidse without attempting a definition, though it 
is based solely on i^elatively trivial scolex characters (the 
detailed proglottid anatomy being for the most part unknown), 
the importance of which, even when of ordinal value according 
to former investigators, he denies. I may add, in connection 
with Pochc's remarks on Southweirs genus Ilisha^ that this name 
must be deleted as applied to a Cestode because it has already 
been pre-occupied for a fish — IlisJta Gray 1846 (in Richardson’s 
Ichth. China). 

Summcury of Part //, 

1. A study of the internal anatomy of typical Phyllobothriidoe 
(the Phyllobothriida& and Onchobothriidaeof other authors) 
and typical Tetrarhynchid® shows that these two families 
only diflfer anatomically apart from the scolex) in 
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that in the latter a separate internal layer of longitudinal 
muscles is present, the vitellaxda have a concentric 
arrangement ^instead of marginal), and the vagina lies 
ventrally to the uterine sac (not dorsally, as in Phyllo- 
bothriids). There is thus no justification for relegating 
the latter family to a distinct Order, and we therefore 
include both families (the Phyllobothriidas and Tetrarhyn- 
chidsB) in the Order Tetraphyllidea, together with the 
ProteocephalidfiB. 

2. The family ProteoeephalidaB only difiers constantly (apart 

from the scolex) from both of the other two families in 
possessing a unilaminate (as distinguished from a quadri- 
partite) ovary. The species recently descril>ed by Linton 
under the name of Ichihyotmnia adheerenSj and now 
renamed Lmtoiiidla adJiatrens^ differs from all other 
Proteocephalids in having concentric vifiellaria and in 
being found in Elasmobranchs, and possibly in other 
particulars. 

3. Previous investigators have not appreciated at their full 

classificatory value the form of the ovary in ti’ansverse 
section and the position of the vagina relative to the 
uterine sac in the three families just named, since these 
characters, in conjunction witli the distribution of the 
vitellaria and longitudinal muscles, will enable us, should 
subsequent enquiry prove them to be valid for the 
majority of species, to refei* TetraphylUdean species to 
their appropriate family with confidence. South wells 
remark (1925a) that “in the absence of a head, it is 
fre<]|uently impossible to refer a Cestode worm to the 
Order to which it belongs,” is thus, in all probability, 
unduly pessimistic, since serial transvei*«e sections will 
enable us, in the vast majority of Tetraphyllidea and 
Pseudophyllidea, to refer any given proglottid not only to 
its Order, but to its appi*opriate family. 

4. Braiin^s family Lecanicephalidee (Linton’s Gamobobhriidie) 

and South weirs Older Heterophyllidea are both based 
solely on the presence or absence of certain scolex 
characters and are purely artificial groupings devoid of 
any standing. Until accumte complete anatomical descrip- 
tions of these forms are forthcoming, their cori'ect 
allocation in any classificatory scheme must be a matter of 
conjecture only. It is evident that while the presence of 
two bothria, four phyllidea or four proboscides appear to 
afford a certain indication for the allocation of any 
[>articular species, the presence of four suckers is not a 
character of equal value, and the assumption that it is 
can only lead to dire confusion, 

5. An attempt has been made to define more accurately the 

Order Tetraphyllidea, as distinguished from the other two 
Orders — Pseudophyllidea and Cyolophyllidea. 
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Appendix, 

J^ot€ on preformed Uterine Pores in the Phyllobothriidce, 

There is no dispute concerning the preformed uterine pores of 
Proteocephalidie and Tetrarhynchidfip, but Southwell (1926 a), 
following previous authors, questions their general occurrence in 
the Phyllobothriiclte, stating that “ the presence of true uterine 
pores has only been established in about six species.” The suppo- 
sition that true uterine pores are generally absent in this group 
has long held sway and doubtless originated with the statements 
of Pintner and Braun. These authors called attention to the 
variable position of the pores in different proglottids, and 
attributed the slits which they admit do exist to the pressure 
of the filled uterus on the atrophied ventral parenchyma, but 
the variable position cannot discount the fact that the pores 
are, in many cases at least, due to active oiitpushings of the 
ventral uterine wall, nor can the atrophied paremdiyma be 
attributed to egg-pressure, when this atrophy ” occurs previous 
to the filling of the uterus, as it certainly does in some cases. 
Nor can we ignore the fact that very few Phyllobothriid specdes 
have been properly examined in serial sections. Of the jeveii 
species (six genera ) with developed uteri, so fully described by 
Zschokke, all possessed uterine openings (five other species 
described by him were immature), and of the four mature species 
described by Yosbida three possessed uterine openings (the five 
other species in his list either being immature or not deacTibe<l 
in detail), no pore being found in Orosaohoihrium an(/^i8tum. 
Has well was of opinion that in Phyllohothrinm vagans the eggs 
were liberated by dehiscence. Dehiscence apparently also occurs, 
according to my observations, in Echeneihothriim mamlatum and 
in Omhohoihrmm pseudo-unciwtum and, according to Lintcm, in 
Thysanocephalum ci'ispum ; on the other hand, I have observed 
true preformed (I include in this term obvious cha.nge6 occurring 
in the parenchyma and musculature, previous to the filling of the 
uterus with eggs, which serve for the future uterine opening) 
pores or gapes in most of the species described by Zschokke and 
also in PhyUobothrium uniltUerale (Zschokke's P. thridax)^ Oryg- 
m(dohoihHum musteli^ and Dinohothrinm aeptaria (see Woodland, 
1927), and Southwell (1925) describes uterine pores in Undbilo- 
cularia trygonia and Baianohothrium tenax. 

That preformed pores and slits do exist extensively in the 
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Phyllobothriidee is* I think* abundantly proved, and I am there* 
fore disposed to regard the eqiially-undoubted cases of apparent 
dehiscence as probably being secondary in nature and associated 
with vestiges of what originally were true pores. It is certain 
that some of the slit-like openings described as dehiscence- 
splits are not dehiscence in the true sense of the word, but 
modihed true pores. This is well seen in the cases of Dina- 
hothrimn aeptaria and Antliohothrium cornucopia, e. g., in which 
the uterus opens freely to the exterior by concrescence of its 
walls with the ventral parencljyiua and suhciiticula long before 
the eggs could possibly aceu inula te in the shallow uterine 
cavity, and, as a matter of fact, they never do accumulate, 
being liber*ated immediately after they are discharged from the 
uterine duct. 


JSiOTE ON AmPHIUNA PARAOONOPOItA (CeSTODARIA). 

In 192^1 (Quart. Jour. Micros. Science, vol. Ixvii. pp. 47-84) I 
published a description of a new Amphilina from India. 

In the course of that description J emphasized two features ; the 
muscular nature of the huge “ head gland, which, with its 
gland cells mid ducts, extends throughout the gi'eater part of 
the body substance, and the occurrence of an “irregular-form 
stage ” in the life of the worm. Though it is now almost 
superfluous for me to admit my error in describing the huge 
** penetration ” (see Miller, Illinois Biol. Monogr., vol. x. No. 3, 
1926) or cephalic liistolytic gland as a boring muscle appar- 
atus, yet it is as well to do so. My excuse for this absurd mistake 
is that 1 was at the time of studying this worm a novice in 
Helminthology and stationed in central India, away from all 
literature and fellow-workers. Further, although my description 
of the glwnd is correct in all its broad features, yet my sections 
were thick, and in consequence 1 was wliolly unable to detect the 
gland <luct lumina and openings at the anterior extremity, which 
can easily be seen in thin sections. The presence of such an 
enormous gland is still a matter of surprise to me and, assuming 
tiiat its function is histolytic, it constitutes as good evidence as 
any muscular boring appamtus of the urgent necessity for the 
worm to make its way to the exterior from the body-cavity of its 
host. 

As regards the irregular-form stage in the life-history of 
the worm, my description of the for-the-most-part shapeless 
masses which so largely occur in the fish cmlom together with 
the active parasite, is perfectly correct, but 1 now believe that 
these masses are stages in the dissolution of the parasites by the 
tissues of the host, and therefore have nothing to do with the 
direct life-cycle. Despite the presence of the enormous “ pene- 
tration glands the worm in a very large percentage of cases is 
apparently unable to escape from the fish and, sooner or later, 
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whether mature or immature, it dies, becomes encysted by the 
host tissues and is gradually disintegrated. I possess all stages 
of this process of dissolution — from the free or encapsulated egg- 
filled large worm down to the miciwcopic vestiges which I 
described in xny paper. 
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Keferern o Letters for P'igs. 1-59 (Pis. 

CS, cirruR-sac; DV, dorsal excretory vcsbel *, EK, egg-ejector (Schluckapparat) 
EXC, excretory vessel; FC\ fertilization chamber; L. Icrminal lapi>ets; LM, longi- 
tudinal muscles; MKI), medulla; N, lateial nerve; O, OV, ovary; 01), oviduct; 
SHG, shell gland ; UOP, UTOP, uterine opening ; IJT, uterus; UTD, uterine 
duct; UTS, uterine sac; VAO, vagina; VI), vas deferens; VV, ventral excretory 
vessel. 


EXPLANATION OP THE PLATES. 

Plate I. 

Fignies 1-14. Echemihothr%um macuIatuWf sp. n. 

Fig. 1 (X17 6) : the entire worm with a contracted lostellum. Fig. 2 (X66); 
scolex with phylhdea showing no signs ot loculi. Figs. 8-(5 (X66) : dift'erent forms 
and aspects of ph> llidea. Fig. 7 (X39) : scolex with enormously extended rostellmn. 
Fig. 8 (X180): longitudinal section through extremity of rostellum , showing the 
retracttnl pad and retractor muscles. Fig. 9 (XlHO) : i>ad at extremity of rostellum 
in longitudinal section. Fig. 10 (X87’6) : dorsal aspect of the ducts in the neigh- 
bourhood ot the ovary. The outline of the uterine sac is omitted, likewise the 
numerous coils of the vagina, which latter duct is represented as having been pulled 
to the left side. Fig. 11 (X39): a ripe detached proglottid (ducts near ovary siin- 
pUHed). Pig. 12 (X180); transverse section through a mature proglottid in the 
region of the ovary (only the longitudinal muscle layer is show’ii, the suhcuticula 
not being represented). Fig. 18 (X18U) : traiisverbo section through the anterior 
region ot a young mature proglottid. Fig. 14 (X260); egg (in optical section) 
preserved in formalin. 


Plate II. 

Figures 16-27. EeAeneibMriuin vetriahih. 

Figs. 16, 16 (X39) : scoUces (Aattened) showing the crenulated outline (insertions 
of retmetor muscles) of the base of the prolrusible rostellar pad, and the irregu- 
lar outline of the surface of the pad. Fig. 17 (X39) : un6attened soolex, showing 
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Bingtd bothridia* Figs. 18, 10 (Xd0); the multilooulate condition of the both- 
ridia. Figs. 20-22 (X 39) : scolices of young individuals (that of fig. 22 is much 
flattened). Fi^ 23 (Xo6) : longitudinal section through scolex, with retracted 
roetellar pad. Fig. 24 ( Xd9) ; mature (uuflattened) terminal proglottid. Figs. 26- 
27 (X87*6): transverse sections through the anterior region (fig. 26), cirrus-sac 
region (fig. 26), and ovary region (fig. 27) of a young mature proglottid. 

Plat* III. 

Figures 28-38. JEokmeibothrium (“ HUeohothritm ”) fallax. 

Figs. 28, 20 (X39): scolices (slightly’' flattened) showing the stn^th surface 
(compared with B, variabile) of the rostellar pad and its spherical outline. 
Fig. 30 (X39): optical section across a hothridium, showing its sucker. like 
appearance. Fig. 31 (X66): hothridium with distinct loculi. Fig. 82 (Xl7*6): 
the TsflocephaltimAike scolex (flattened) of a young specimen. The upper surface 
of the rostelluni bears small siniies. li’ig. 33 (X6C); longitudinal section through 
a scolex (for comparison with fig. 23). Fig. 34 (nat. size) : whole specimen of 
J7. {** DUcobothrium*') fallax (to the left) and of K. variabile (to the right), to 
show the characteristic a ifterences of external form. Fig 36 (X27‘6) : mature pro- 
glottid in sui-face view. Figs. 36-38 (X66): transverse sections through the 
anterior region (fig. 86), cirrus-sac region (fig. 37), and ovary region (fig. 38) of a 
mature proglottid, for comparison with figs. 26-27. 

Platk IV. 

Figures. 39-42. EcheneihothriumjulievanBiumy sp. u. 

Fig. 39 (X39): the .«<colex. Pigs. 40-42 (X70): transverse sections through an 
immature proglottid in the anterior region (fig. 40), cirrus-sac region (fig. 41 ), and 
ovary region (fig, 42). 

Figures 43, 44. ScyphophylUdittm gigantenm^ gen. et sp. nov. 

Fig. 43 (X27‘5) : the scolex. Fig. 44 (X27‘5) : the same in longitudinal section. 

Figures 46, 46. AnthohoVirium cornucopia. 

Fig. 46 (X39): transverse w'ction through n mature jiroglottid in the region of 
the ovary. Fig. 46 (X39) : transverse section through the anterior region of a ripe 
proglottid to sliow the ** Solenotcmia** type of uterus and its aperture. 

Figures 47-49. Phgllobothrium nnilaterale. 

Fig. 47 (X89) ; the scolex. Fig. 48 (X27'6) : transverse section through the 
anterior region of a rijic proglottid to show the large uterus and its small aperture. 
Fig. 4^ (X260): the fihnllatod sheet (in transverse section) separating the 
“ medulla” from the “ cortex.” 

Plate V. 

Figures 60-63. Orygmatohothrium muateli. 

Figs. 60, 51 (X17’6) ; scolices. Fig. 52 (X66) : transverse section across mature 
proglottid in region of ovary. The absence of any line ot separation of the 
** medulla ” from the cortex ” contrasts with the distinct separation in JPhgllo- 
hothrium unilaterale. Fig. 63 (X 12); free detached proglottid, in ventral view, 
showing an early stage of development of the slit-like uterine aperture. 

Figures 64, 55. Calliohothrium vertic.illaium. 

Fig. 64(Xl2) r free detached proglottid, in ventral view, showing seven uterine 
pores (compare fig. 63). Fig. 66 (X17*6) ; another free proglottid showing the 
uterine sac and uterine pores in side view'. 

Figures 66, 67. Aeanthohothrium dujardinii. 

Figs. 56 (X87*6), 67 (X180) ; transverse sections through the anterior region and 
ovary region respectively of a mature proglottid. Note the quadripartite ovary. 

Figures 68, 69. Onohohothrium paeudo^tmeinatum. 

Figs. 68, 69 (X 30): transverse sections through a young and old proglottid re- 
spectively to show the fovm of the ovary and general disposition of the organs. The 
" medulla '* is distinctly separated from the cortex.” 
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35. New Species o£ Neuro[)tera Planipennia in British 
Collections. By P. Esben-Pktkrsen, Silkeborg*. 

[‘Received April 23, 1927 : Read June 7, 1927.] 

(Text-figures 1, 2.) 

By the kindness of Mr. F. F. Laidlaw I have had the 
pleasure of studying three specimens of Ascalaphidie, viz. 
Balanopieryx locuples Karsch from Lae Alaotra, Marlagascar, 
an uudescribed species representing a new genus from the 
same locality, and a new species of the genus Protidricerua 
V. d. Weele from the Philippine Isles, nil in his collection. 

Laidlawiklla, gen. n. 

Tribe ITolophihalmbwi , — Antennae of the male strongly clubbed,* 
reaching the pterostignia of the fore wing. Fore and hind wing 
unequally shaped ; middle third ])art of the hind wing with 
a large and rounded dilation posteriorly. Both pairs of wings 
very narrow at base ; the anterior ones with a long threadlike 
appendix near to the base posteriorly. Apical tbir<l part of 
the hind wing rather narrow. Abdomen of male slender and 
almost as long as the hind wing. Anal appendages of the 
male small and inconspicuons. Legs long and slender; tarsi 
as long as tibijo; .spurs almost straight, a little longer than 
the two ba.sal tar.sal joints together. Ctfu and Cu\p in the 
fore wing, and M* 2 o and in the hind wing form distinct 

right angles. Pterostignia short. 

This new genus is nearly allied to B((lanopieryx Karsch, 
but it is easily separated from that genus and from its other 
allies, viz. Neomdamhroius, Protmesihads, and Aumridops^ by 
its long antenir.e, its peculiarly formed hind wings, am^ by the 
right angles between Cuia «nd Cn\p in the fore wing, and 
between M 2 n »nd in the hind uing. 

Genotype is the speeie.s described helow-. 

Laidlawiella puiiCUEA, sp. n. (Text-fig. 1.) 

Antennie reddish-Virown ; the club dark hi-own. Disc of 
thorax dark with small yellowdsli spots at the side margins 
and posteriorly ; under.side of thorax pale brown and with 
yellowish markings. Legs pale ; fore and intermediate femora, 
and the outer margin of the tibia* brown: spurs, tarsi, and 
claws dark brown; hind tibife with an indistinct brown ring 
at their apex, and a very narrow brown ring near their base. 
Abdomen blackish-brown above, pale below. Wings hyaline ; 
costal area in lx)th pairs of wings yellowish tinged ; the basis 

• Communicated by F. F, LArnx.xw, F.Z.S. 
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of the wings brown ; in the basnl half part of the hind wing 
abroad yellowish4)ro\ui trnnsvene band with irregular lateral 
maigins* Pterostigma dark brown. Apical areas of both pairs 
of wings rather broad and filled up by irregular rov/s of cells. 

Text-figure 1. 



LaidlawieUa ptdcltraf tjen. ct sp. n. 

Antennfie 29*5 mm. ; fore wnng 83 mm. ; hind wing 32 mm. ; 
abdomen of <5*28 mm. 

1 J,holotype, Lac Alaotra, MadagsKMir.-— To be depObited in 
the British Museum. 

The body of the specimen rather dirty, and the description 
of the colour of the body and of its pilosity therefore rather 
insufficient. 

PiioTiDRiCERUs pniuppiKESsis, sp. n. (Text-fig, 2.) 

Aiittnna* jet-black. Head black ; labium and cly pens brown. 
Thorax black. Pilosity of l.ea<l and thorax black. Legs 
brownish-black ; taisi, spuis, and claws dark browm. Abdomen 
very short, blackish, and with dark pilosity; posterior margin 
of abdominal segments imrrowly brownish. Foie wings of equal 
breadth throughout ; basal half part of hind wings broadened 
posteriorly ; basal fourth part of costal area in the hind wing also 
broadened. Membrane of wings hyaline ; pterostigma brownish- 
black ; venation black, Fiie branches from Us in both pairs of 
wings. The area between Cuia and posterior margin of the fore 
wing with three regular rows of cells^ (there is trace of a fourth 
row in the specimen at hand) ; the area betw*een AGct and 
posterior margin of the hind wing with only two rows of 
cells (this area is very sliort). Apical areas narrow, and each 
area with two rows of cells. 
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Antennaa 20 mm. ; fore wing 28 mm. ; hind wing 22*5 mm, ; 
abdomen 15 mm. 

1 5 , holotype, Kolambugang, Philippine Isles. — To be deposited 
in the British Museum. 

Four species of this genus are known : exilis MacLaclilan 
from West China, elwesi MacLachlsn from Assam, japonicus 
MacLachlan from Japan, and h'ene v. d. Weele from Borneo. 


Text- figure 2 



Vrutidricerus phtlippmfinsisy -p. ii. 


The new species is nearest allied to ehoesi as to the shape 
of the wings ; but it is easily separated from that species by 
its longer pterostigma, its narrower apical area, ami by the 
more simple venation of {wisterior area. At first sight F, philip- 
pinensis has much likeness to Sicerua yervaiai Navas from 
China ; but in tlmt species the spurs are sliorter than first 
tarsal joint, and the hind wings are narrower. 





R GU. R.L. y. E.RV R.L. 
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36. On the Anatomy oH the Land Snails (Helicidae) Cepcea 
hortenBU Miiller and Cepcea nemoralis L, By Daphne 
Aubertin 

[Recftived May 6, 1927 : Head May 24, 1927.] 

(Plates 
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Inthoduction. 

The land snails, Cepcea horUmis Miiller and Cepcea nemcralit L., 
are recognized as distinct species by systematists on the strength of 
certain characters of the sliell and genitalia (see pp. 555 and 556)« 
It is uncertain, however, to what extent the rest of the structure 
of the two forms exhibits divergences which may be coirelated 
with these differences. 

The object of this paper is to furnish information concerning 
the amount of divergence between individuals of the two species 
as it is shown in organs not usually employed for the discrimina- 
tion of closely -allied forms in this group of Mollusca. As a 
matter of convenience it is usually the piuctice, in the systematic 
treatment of the Pulmonata, to base the distinction between 
species on a limited mimber of chanicters selected from a certain 
part of the animal, e,g, the shell or the genitalia. It is of some 
interest, however, to ascertain to what extent divergence is 
shown in a number of different organ systems of two closely- 
related forms. 

A statistical study of the amount of vaiiability in a large 
number of characters of a species has been attempted previously, 
notably by Weldon (29) in the case of Ccirdnus m^cenas^ and was 
extended by him to an analysis of the variability in different 
geographical races of Crangon vulgaris and Oarcinus mcenas^ but 
all the characters dealt with in these studies were exoskeleUil, and 
no attempt was made to study the internal parts statistically. 

The present paper does not contain a descriptioti of every organ 
and part of individuals representative of the two species in 
question, but an attempt has been made to carry an analysis of their 
similarity or dissimilarity further than any previous work wdiich 
has been undertaken on them, and to provide data on tlie \aria- 
tion of organs which have not as yet been dealt with by the 
taxonomist. 

Inter- COLONIAL and Inter-specipic J^ipfeiiknces. 

The data presented here relate to (a) the differences between 
individual “ colonies ” of each species, it being now known that 
both of these snails tend to live in localized groups (colonies), and 
(6) the difference between the two distinguishable sets of individuals 
assigned to the species Cepcea hortensis and Cepcea nemoralis. 

The morphological descriptions of organs are based on the 
whole of the material studied in each species. lnter>colonial 
differences only become apparent when the measurements relating 
to these organs are treated statistically. 

If the data, produced by measuring a certain structure in the 
two conchologically divergent groups, ere found to indicate some 
degree of overlap between the latter, it is of consideiable interest 
to discover how this overlap is produced. Is it due to the 
sporadic occurrence of intermediate individuals, or is it incident to 
whole colonies ? Not only is it interesting to ascertain this from 
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the general evolutionary point of view, but it is necessary also in 
systematic treatment to ascertain how far individual sections of 
a population are fair samples of the whole. 

Since the two snails under consideration live in isolated 
colonies, it is possible that each colony may have a different 
constitution from that of other colonies, so that it becomes 
imperative to know exactly how far a 6am|>Ie taken from one such 
colonial assemblage differs from a sample from another colony. 
It is conceivable that differences justifying the recognition of two 
species might appear well marked when the material representing 
each group is drawn from a single colony of each species, but that 
these differences might become less exaggerated when further 
colonies of each form are studied. 

Very little work of this type has been done on the Helicidse. 
Kloti-Hauser (12) examined the genital organs, jaw, and radula 
of seven species of IHcAia, measuring various parts with a view to 
establishing definite criteria for specific differentiation between 
them. He bases his conclusions on the measurement of about 
twenty specimens of each form, giving the range of variation and 
mean value for the measurements of the three organs under 
examination. He does not analyse his figures further by deter- 
mining the Standard Deviation or Probable Error, and in most 
cases applies no coiTection for variation in size ; it is therefore 
diflScult to estimate the value of his results. He concludes,, 
however, that it is possible to differentiate between the species 
in question by a careful comparison of measurements. The work 
of Lang (14) and Kleiner (11) will be dealt with later. 

No anatomical work appears to have been published on 
inter- colonial variation. 


Classification. 

Tlie two forms under examination are now placed in the 
subgenus Cepcea (Held, 1837) of the genus Helix, this having 
been generally accepted since about 1920. For a brief period 
they were kept in 2'adirpa (Leach, 1819) (<^. Pilsbry (21)), and 
are mentioned under tliis name by Bollinger (4) in 1909, who 
follows Ivobelt s classification. This generic name was, however, 
preoccupied. Further synonyms will be found in the ‘Synonymy 
of the British Non-marine Mollusca,’ by A. S. Kennard and 

B. B. Woodward (10). 

The earliest diagnoses of the species were based entirely on the 
shell, that of C, horte^ms being differentiated from the shell of 

C, nemoralia by its smaller size, greater globosity, the colour 
of the lip, mouth index, and the angle m^e by the mouth in 
relation to the vertical axis. Lang (14) undertook a large 
number of measurements on the shell, and showed by this 
method, and by reference to the earlier work, that the shell 
characters intergraded to a certain extent, and did not therefore 
provide an absolute criterion of the species. 

Proc. Zool. SOC.--1927, No. XXXVIL 
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A. Schmidt (24) and Ashford (1) emphasised the importance of 
the dart in the classification of the Helicidss. They describe the 
dart of both (7. hortensis and (7. nemoralis, and point out that it 
is impossible to mistake the one for the other. The dart in 
(7. nemortdie is straight, with a definite neck between the head 
and the base, and the edges of the wings are entire, while in 
(7. horiensii the dart is curved, there is no neck, and the wings 
are split. 

Lang (14) and Kleiner (11) have stated that in the genitalia 
the flagellum is characteristic for each species, the relative length 
of flagellum to penis being longer in <7. nemoralid than in 

h^rtermi ; this character, however, overlaps in the two forms. 
They also found that the measurements and other characters of 
the dart and dart-sac show well-marked and discontinuous differ- 
ences between the two forms, the length in C» mmoraliB being 
greater than in C- horterma^ no overlap occurring in these 
measurements. They also noted specific differences in the mucous 
glands. Kleiner (11) has shown that the ratio of the upper part 
of the duct of the receptaculum seminis to the lower is charac- 
teristic for each form. 

Bowell (5) has drawn distinctions between the radulfiB of the 
two forms, based on measurements of the teeth and their basal 
plates. 

Other differences between the two forms have been noted, but 
they have not been used taxonomically. 

Mateeial. 

The material used consisted of about 200 examples of each 
species, collected from widely-separated localities. 

The Cepcea hortensia were taken from six different colonies. 

1 • Suffolk Oolony. Situated on a bank among bushes, brambles, 
and coarse grass. 44 specimens. 

2. Iv^r Oolony, Bucks. On a low bank beside a road, among 
coarse grass, dead nettle, convolvulus, ground ivy, and garden 
refuse. 56 specimens. 

3. Knapp Hedge Oolony, Wilts. On the top of a steep bank, 
among dogwood, brambles, and convolvulus. 30 specimens. 

4. Ohalke Bank Oolony, Wilts. On a low bank by a road, 
among nettles, convolvulus, coarse grass, umbelliferous plants, and 
decaying vegetation. 30 specimens. 

5. Meadow Hedge Oolony, Wilts. On a low bank with a 
thick thorn-hedge, a road on one side and a water-meadow on the 
other, among nettles, ivy, and coarse grass. 30 specimens. 

6. Hedge Lane Colony, Wilts. On a low bank, giving 
way to down^ in coarse grass, shrubs, and umbelliferous plants. 
30 specimeni. 
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The Suffolk material was selected for certain shell-charaotere, 
namely pink ground-colour, brown lip, and absence of bands. 
These three characters are said to be genetically linked (Stelfox 
and Diver [MS.]). 

The Wiltshire Oolouies were all within a mile of one another 
but there was no possibility of the different populations becoming 
mixed. 

The Cepma nemoralis were taken from five different colonies. 

1. Suffolk Colony. The animals were living completely asso- 
ciated with (7. hortemis in the colony already described. 56 
specimens. 

2. Wembley Colony. On flat ground, surrounded by a bank, 
among coarse grass, chickweed, nettles, ragwort, and a few 
umbelliferous plants. 50 specimens. 

.3. Nanjizal Colony, Cornwall. Beside a stream among granite 
rocks, coarse grass, nettles, and brambles. 40 specimens. 

4. Mai<len Castle Colony, Dorset, Among coarse grass on a 
down. 40 specimens. 

5. Seaton Colony, Devonshire. On a bank with a low thorn- 
lied ge at the top, beside a road, among thyme, coarse grass, briar, 
gorse, and nettles. 40 specimens. 

The material was collected during the years 1921 to 1926. 

The specimens from Iver were fixed in Bouin^s fiuid and then 
transferred to alcohol. The Nanjizal material was drowned and 
then placed in alcohol. The rest of the material was killed by 
short immersion in boiling water, and was then preserved in 
95 per cent, alcohol. It was all in good condition. 

Each body was numbered when removed from its shell, and a 
corresponding number attached to the shell. 

Method. 

The data presented in this paper relate to the heart, pulmonary 
veins, kidney, ureter, nervous system, and genital organs, and 
consist of measurements and summary descriptions of parts not 
susceptible to measurement. 

The measurements were tabulated under the number of the 
animal from which they were taken, and were recorded as a 
percentage of the height of the shell. The material was examined 
in the following way. 

The external pigmentation and general appeai;ance of each 
animal was noted. The roof of the lung was then removed with 
the heart, kidney, rectum, and ureter. These organs were 
examined and measured from the inner surface, under water. 
All dissection was earned out under a binocular dissecting 
microscope, as were also the measurements, which were made with 

37 * 
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A pair of screw dividers and a steel ruler, graduated to 0*5 of a 
millimetre. 

After examination of the lung and adjacent oi’gans, the genital 
organs were removed and preserved for examination. The ceso^ 
phagus was then cut just behind the buccal bulb, and- the 
alimentary canal and liver removed. 

The cerebral ganglia were examined and measured. After 
removal of the jaw and radula for further examination, the 
buccal bulb was turned forwards on separating the retractor- 
pharynx muscle from the columellar muscle, and the sub- 
msophageal neiwe mass was examined. 

ihie insertions of the retractor muscles of the foot and the 
retractor pharynx muscle were noted, but yielded no results of 
any interest. 

All the measurements taken were such as could be determined 
with accuracy to 0*5 mm. 

In obtaining data, particularly of a quantitative kind, it is 
important to evaluate the effects of (1) age, (2) sex, and 
(3) environment. 

(1) Age in hortensis and G, nemoralis is easy to estimate 
within certain limits. The young forms become mature within 
a year, and on reaching maturity the growing edge of the sliell 
becomes thickened and forms a lip,’’ which indicates that the 
growth of the shell has ceased. At approximately the same time 
the animal becomes sexually mature. The distinction between 
mature and immature genital oxgans is easily recognizable, and, 
taken in conjunction with the condition of the free edge of the 
shell, it is possible to reject all forms which have not attained to 
their full size or are not sexually mature. Ideally the axumals 
used should be of identical age, and one would have to decide 
whether they should be classed in yeairs, half-yeai-s, or months ; 
but the animals probably do not live for more than three years 
and, as the lip is foimed at the end of the first year, it would be 
hardly worth while to consider changes which might occur during 
the second and third yeai s. 

A number of young forms with partially-thickened lip and 
immature genital organs w*ei*e examined. As a result, significant 
differences in variability of the organs in young and old forms 
were found which might be due to difterence in age (Table 1.). 
To avoid a possible error, immature forms were excluded from 
the material. 

Only twelve younj? (7. hortensis were examined as against 
twenty-six G. nemoralis. The results are tabulated below, but 
the numbers in the case of the former species are extremely small 
to form the basis of the calculations. 

^ Some of liHDg’e (14) snails lived for as long as six years in captivity. Ha^ay (0) 
gives three years as the greatest age attained by C. hortmM and C, fnndohcn^is^ 
living freely. 
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Table I. 


Cepam hortensia. 


Cept 9 at memoralis. 


OrgBii. P.E.D. Sig. Diff. P.B.D. Sig. 


VMitricI* ... U'9 12-6 2-8 -4 Sig. 14'6 ll'S 2-7 'I Sig. 

Anriele 78-2 ICS 8-7 ’4 „ 13-6 10-6 2-9 '2 

P«ricitrdimii . 10-9 li'S 2 6 3 „ 18 9 14'9 4-0 ‘3 „ 

Kidnej' 84-9 29-2 6-7 ‘7 „ 409 86-4 4-6 ‘9 „ 

M.P.V 77-6 79-6 60 1-7 — 87-1 76-4 11-7 IS „ 

y.U 164'4 62-5 1-9 IS — boi 497 6-6 16 „ 

I 1 .O.N lS-9 161 -8 -4 — 147 139 -8 -3 — 

L.C.0 8-9 86 -8 -3 — 78 Tl 7 •! Sig. 


M. Mean. 

Diff. Difference between means. 

P.E.D. Probable eiTor of difference between means. 
Sig. Significance of difference. 

M.P.V. Main pulmonary vein. 

F.U. Distance from fork to ureter, 

L.O.N. Distance between roots of optic nerves* 
L.C.G. Length of cerebral ganglion. 


The nature of the ineaiiureinente to which these figures refer 


will be found for the Ventricle p^ge 566 

Auricle „ 566 

Pericardium „ 566 

Khliiey „ 565 

Pulmonary vein „ 565 

P'ork to ureter „ 565 

Distarice between optic nerves . „ 570 

Cerebral ganglion 570 


(2) Sex is obviously of no account in the present case, since 
the animals are henna pbrcxlite. 

(3) The ecological character of the habitats from which the 
material has been drawn has already been described. 

The present paper deals with actual phenotypic differences 
between the two specie^, and it is not part of its aim to distin- 
guish between hereditary and environmental differences. The 
data obtained refer to variation which may be due to both 
hereditary and environmental differences, my object being to 
detail its occurrence rather than to assign to it any particular 
eignifioanoe. 

Arbanokmext of Besults. 

The method followed for the statistical presentation of the 
results has been the determination of the Mean value, Standard 
deviation, and Probable error for each organ. In this way an 
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indication of the relative variability of any organ in the two 
forms can be compared. It is also possible to compare the 
variability of all the organs in one form. 

Where the mean value for any organ is very close in the two 
species, the significance of the difference between the two means 
has been tested by the method proposed by Rietz and Smith (2), 
e. g. a djjBFerence is considered significant if it is three times as 
large as its probable error. 

Structure. 

External Feahires, 

hortensis and €, nemoralis are typically banded snails in 
which the ground-colour of the shell is frequently yellow, but 
variation in both banding and ground-colour occms. C. hortensie 
is, on the whole, somewhat smaller than f7. nemoralis^ but they 
overlap in size, so that this distinction is not absolute. Ilie 
bodies are generally pigmented, and have a longitudinal unpig- 
mented stripe running from the head to the anterior border of 
the lung. 

The pigmentation of the foot-sole may be different in the two 
forms. In 0, nemoralis the pigment is concentrated into a band 
which follows the outline of the foot-sole round the posterior end, 
leaving a light margin. The most heavily pigmented portion 
lies posteriorly. In C, horiensiB the anterior part of the foot-sole 
is pigmented and the posterior end devoid of pigment. This fact 
is noted by Binney (3) ; he states that the base, by which he 
probably means the anterior part of the foot, is inky, while the 
posterior part is a dirty flesh-colour. Lelimann (17) refeis to 
the foot-sole in <7. hortensis as whitish. A general account of the 
external appearance and pigmentation is given by Lehmann (17) 
and by Moquin-Tandon (19), but no features of diagnostic value 
emerge from these descriptions. The contrast in the foot-soles is 
not an absolute means of distinction, since albinos occur in both 
forms and the intensity of pigmentaton varies. Some of the 
C* hortensis from the Chalke B^ink Colony were characterized by 
very heavy pigmentation on the body. 

The pneumostome lies on the right side of the animal, and 
is stjited by ‘Moquin-Tandon (39) to be about 2 mm. broad 
in O, 7iemorali6, Binney (3) notes that in C. hortenBis it is sur- 
rounded by a ring of pigment, but this was not observed in any 
of the specimens examined. 

The ureter opens to the exterior to the left of the pneu- 
mostome, and the anus to the right of it. Both these openings 
are guarded by small grooved projections of the body-wall. The 
grooves lead away from the pneumostome, and may possibly serve 
to keep it free of the excreta. Moquin-Tandon (19) states that 
in (7. nemaraliB the Lobe fecal ” is triangular, and that in 
O.hwrtmM it is not outstanding. The shape of these lobes 
is not very characteristic in either form, and cannot be used te 
distinguish them from one another. 
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SMU. 

A vast amount has been written concerning the shells of 
C, hortemU and (7. nemoralis^ dealing mainly with the variation 
in banding and ground-colour. These variations have been 
regarded by some as adaptive, and possessed of selective value, but 
no body of evidence exists to bear out these views. Sehilder (22) 
in a recent paper concludes that banding and ground-colour are 
independent of one another. The inheritance of banding and 
certain ground -colotirs has been demonstrated beyond doubt by 
Lang’s genetical work on O. hortemia and C, nemoralia (14 15). 

Move recent work by Stelfox (26) is in accordance with this, 

Sehilder (23) and others have evidence that type of banding 
and ground-colour may be regarded as colonial miaracteristics, 
and that they vary in frequency from one colony to another. 
Table II. bears this out. 

Ooutagne (6) states that if the two species occur in the same 
locality, it is generally eae«y to separate the one from the other 
by inspection of their shells; if, however, C. hortemia and 
C, nemoralia from different localities are compared, it is often 
very difficult or impossible to place ” a certain number of the 
specimens. 

The present study is concerned with the soft parts rather 
than with the shell. As no correlation was found between 
the type of shell and other characters, e. the flagellum, within 
each species, the shell-characters are dealt with very briefly in the 
following table, for the use of which 1 am greatly indebted to 
Captain Diver. 


Table II. 

CepiBa hortensis. 


Cep€ea neworalis. 


Ground- 

colour. 

K. 

C. 

M. 

H. 

I. 

N. 

W. 

S. 

M.C. 

Seaton. 


% 

% 

% 

% 

% 

% 

% 

Of 

/o 

% 

% 

Brown .. 

21*8 

300 

60-6 

3*3 

— 

— 

— 

3*8 

16*0 

7*7 

Pink 

9-3 

6-6 

3*3 

— 

8*4 

48*5 

62*7 

40*4 

77*6 

66*4 

Yellow 

68-7 

63-3 

86*6 

90*0 

87-4 

66*4 

46*4 

66-7 

7*6 

86*9 

White 

-- 

— 

8*3 

6*6 

1*4 

— 

— 

— 


— 

Banding 

(most 

frequent). 

12346 

87-6 

633 

68*8 

39*9 

74*6 

16*8 

44*4 

65*4 

66*0 

71*8 

00800 

— 

— 

— 


— 

41*0 

36*6 

8*2 

27*6 

7*7 

00000 

62*6 

46'6 

36*6 

60*0 

24*0 

43*6 

18*7 

14*8 

7*6 

20*6 


K. Knapp Hedge. 


N. 

Hapjijuil* 





C. Cbalke Bank. 
M. Meadow Hedge. 
H. Hedge Lane. 

I. Tver. 


W. Wembley. 

S. Suffolk. 

M.C. Maiden Castle. 
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Tho mean value, and range of variation of the height of the 
shell were determined for each form. 

In the following table the frequency lists for the shell-height 
in each colony are given. The table shows that in each colony 
the shelhheight varies around its own particular mean in the 
normal fashion. 


Shell-height 

(mm.). 


Table Ilia. 

Cepaa hortengit. 

alke Meadow 
ink. Hedge. 


Meau value (mm .). 11*9 


Table III 6. 

Cepaa nemoralU, 


Shell-height 

(mm.). 

Nanjizal. 

Maiden 

Caid^le. 

Seaton. 

Wembley 

. Suffolk. 

11*6 

— 

1 

r— 

— 



12 


2 


1 



12*6 

— 

6 

1 


2 

IS 

— 

16 

* 4 

1 

8 

m 

1 

6 

2 

4 

4 

14 

6 . 

^ 9 

17 

26 

9 

14*6 

3 

1 

3 

3 

2 

16 

16 

1 

10 

6 

5 

16*6 

7 

— 

1 

a 

— 

16 

6 


1 

1 


16*5 ;. 

1 

— 




17 

2 


— 

— 

— 

Mean value (mm.)i 

16*4 

18*4 

14*4 

14*4 

14*0 
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BandM and Pigment on the Roof of the Lwng, 

The observations were made on about 100 individuals of each 
form. 

The roof of the lung cavity in both forms varies greatly in 
accordance with the presence or absence of pigment, and of 
longitudinal reddish bands in the anterior pai t. 

The pigment, when present, is bluish-grey or black, and may be 
scattered thickly or thinly all over the roof of the lung. 
It occasionally encroaches on the lower surface of the pericardium 
and kidney. When the roof of the lung is heavily pigmented, 
the pulmonary vessels are i*endered conspicuous by the absence 
of pigment from them, and its concentration alongside of them. 
This appearance would make one think that the vessels form 
a barrier to the free migration of pigment through the sub- 
cutaneous tissue. 

Of the Suffolk (7. hortensie fourteen were entirely devoid of 
pigment, thirteen had a light patch of pigment over the pneu- 
mostome, and the remaining fifteen had pigment all over the roof 
of the lung. In those from Ivei*, none of the animals had any 
pigment on the lung, except, in one or two cases, a faint patch 
over the pneumostome. In the (?. 'nemoralia from Suffolk, about 
half the number of forms examined were pigmented, while in 
those from Wembley the majority showed pigmentation. 

In a large number of the forms examined, longitudinal reddish 
stripes were found on the anterior part of the roof of the lung, 
varying in number from one to five, 

Lehmann (17), in his description of C, nemoralisy notes that the 
bands on the mantle accord with the bands on the shell. Tliis 
coincidence of bands has formed the subject of a paper by 
Distaso (8), who considered the matter important in connection 
with Lting's work (14) on the inheritance of shell-bands in 
C. hortensie^ C, nenioralis, and their hybrids. 

Distaso examined large numbers of the two species in question, 
and found in all cases a strict agreement between the bands on 
the mantle and the bands on the shell of each individual. The 
bands on the mantle were reduced in length, and were indicated 
posteriorly by flecks as the pigment became less coricentmted. 
The bands ran forward on the lung and terminated just 
before the junction of the lung and body- wall, at the mantle- 
groove. He noted that in (7. nemoralie^ with a pigmented lip to 
the shell, this groove was pigmented, while in (7. hwiensis, with 
a white lip to the shell, the groove was unpigmented and less 
noticeable. Distaso went on to state that in forms where the 
shell-bands were fused the bands on the mantle were also fused, 
and that, if bands were missing on the shell, they were also 
missing on the mantle. He then deals histologically with the 
formation of the bands on the mantle and their repetition in the 
shell. He regards the shell-bands as d^ndent on mantle-bands, 
and the mantle-^bands on the presence or a|isence of pigment- 
forming cells in the subcutaneus tissue. He concludes, therefore, 
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that variation in shell<banding is the outcome of a histological 
variation connected with the pigment*eell$, and that in the light 
of Lang’s work this histological variation is inheritable. Distoso 
implies that he found complete coincidence between the bands on 
the mantle and the bands on the shell. 

In the animals examined for the purpose of work, complete 
coincidence was not found in a large number of cases, although 
it was obvious that some connection existed between two sets 
of bands. 

In the Suffolk C. hoHensis the shells were all unbanded, and 
no bands were found on the roof of the lung. In the C. nemoralis 
from Sufiblk 38 per cent, agreed perfectly, 19 per cent, agreed in 
the number of bauds, but the bands on the mantle were either 
not fused or were less fused than those on the shell ; 25 per cent, 
had fewer bands on the mantle than on the shell ; the reverse 
was the case in 10 per cent., and in 6 per cent, the shells had an 
abnormal band which found no counterpart on the mantle. 

In the C* nernorcdis from Wembley, 62 per cent, were in perfect 
agreement, 25 per cent, agreed in the number of bands but not 
in the degi*ee of fusion, and 11 per cent, bad few'er bands on the 
mantle than on the shell. In the last class the bands which were 
absent from the mantle were in all cases except one found to be 
weakly represented on the shell. In another member of this 
class the hands on the shell were hyaline*, the formula being 
123(45); the mantle had no trace of banas. 

Tlie C, hortensis from Iver showed considerably less agreement 
than the Wembley (7. nemoralis, 42 per cent, were in perfect 
agreement ; in 9 per cent, the number of bands were the same, 
but no fusion occurred in the mantle-bands, while the bands on 
the shells were fused in varying degrees. In 14 per cent., wiiere 
all the shells were of the formula 12345, the mantle had fewer 
bands; while in 33 per cent., where the shell-band formula was 
again 12345 and the bands exhibited every degree of fusion, 
bands on the mantle were entirely absent. 

These observations are difficult to reconcile with Distaso’s 
conclusions that the bands on the mantle and the bands on 
the shell are due to the same cause and are dependent on one 
another. 


Afferent and Effere^it Pvlmonary Vessels, 

The roof of the lung is divided longitudinally into two parts 
by the efferent pulmonary vessel running back to the auricle 
(PL I. figs, la & lb), Kalepa (20) noted that the character 
of the internal wall differed in the two halves. He states that 
the part on the right lying between the pulmonary vein and the 
rectum is raised up into ridges^ in which the blood-vessels lie ; he 
describes the part on the left as having a fiat inner surface. 

e i, 9 , the shell is modified in the position of the bends, but leeks the band* 
pigment. i 
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This is true for the posterior two-tiiirds, but anteriorly, where 
the respiratoiy exchange takes place most actively, the internal 
surface is raised up into ridges as on the right side. 

G. Schmidt (26) has studied the pulmonary circulation in 
Helix pomatia^ and also contrasts the type of circulation in the 
right and left sides of the lung, noting that in the posterior two- 
thirds of the left side the vessels are small and very few, while 
on the right side there is a well- developed circulation reaching 
to the posterior end of the lung. 

In the two species under discussion the venous blood is 
brought to the lungs by two veins, which unite to form a trans- 
verse vein in the anterior part of the lung. This vein gives off 
afferent blanches, aeration taking place while the blood passes 
through the lacunie lying in the subcutaneous tissue of the roof 
of the lung on its way to the efferent vessels. Variation occurs, 
as Schmidt (25) observed for Helix po7natia, in the branching of 
the efferent pulmonary vessel. The branching in C. nemoralis 
and C. hortenais^ as for Helix pomaiia^ is of thiee orders; the 
variations and relative frequency of their occurrence will be dealt 
with later. 

The following three measurements were taken : — 

(a) From the anterior end of the pericardium to the apex of 
the kidney. (Length of kidney.) 

{h) iVom the tip of the primary uretei* to tlie main fork of the 
puhuoimry vein. (Main pulmonary vein.) 

(c) From the main fork of the pulmonary vein to the external 
opening of the ureter. (Fork to ureter.) 

(PI. I. figs. 1 h.) 

The figures obtained for each colony will be found on Tables 1 Y. 
and V. The mean values vary considerably from colony to 
colony, but the standard deviation remains fairly constant in each 
species. 

Diagrams of the main types of circulation in the lung are 
shown on PI. IV. 

The most generalized type of branching in the vessels is 
probably that shown in Type I. (PI. IV.) ; this view is tateu by 
Schmidt (25) for Zfs/iajpowa/ia, as this type shows the three ciders 
of branching in their simplest form. The main stem of the 
pulmonary vein runs down the roof of the lung parallel to the 
rectum, and terminates at the anterior junction of the lung 
and body-wall. This main stem invariably gives off a branch, a, 
forming the main fork in the measurements previously deal!; with. 
In the circulation figured in Type I. (Ph IV.) the branch a gives 
off a branch of the second order, 6, and h gives off one of the 
third order, o. Sach of these branches forks at its termination, 
and may give oflT small lateral branches; the afferent pulmonary 
veins alternate very regularly with the branchings of the efferent- 
veins. 
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Variation in the origin of the branches is common* and the 
type of branching described above is not that which is found 
most frequently in either of the two species under discussion. 

The most usual type of branching found in C. hortenaia and 
C. nemoralia is Type II, (PI, IV.)* where c is not given off from 
5, but originates from a. 

The frequency of occurrence of the different types is given in 
the following table. About 100 bodies of each species were 
examined in this respect. 

Type Type Type Type Type Type Type Type Type Type 



I. 

J a. 

15. 

11. 

II a. 

II 6. 

11 e. 

X. 

y. 

Z. 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Cepaa hortentia .... 

.. 18*3 

2-2 

0 

62*4 

4*3 

10'8 

1*1 

2*2 

4*3 

0*0 

Cepaa nemoralis ... 

.. 17-4 

0*0 

1 

63*0 

1*0 

70 

6*1 

20 

8*2 

1*2 


From this table it will be seen that the majority of individuals 
in both forms follow Type II., while an appreciable number 
follow Type I. In acconlance with this, there are fewer variations 
on Type I. than on Type II. 

Schmidt (26), with reference to Helix pomatia, says that the 
afferent pulmonary ves^-els vary very little in branching. In 
(7. hortensis and C, nemoralia the afferent veins invariably 
alternate with the efferent veins, and therefore any variation in 
branching of the efferent veins is accompanied by a corresponding 
variation in branching of the afferent veins. 

Heart. 

The heart (PL I. fig. 1 h) consists of a pear-shaped auricle and 
ventricle, enclosed in a fusiform pericardium. It lies to the left 
on the inner surface of the posterior end of the roof of the lung, 
closely opposed to the kidney, which is situated to the right of it. 
The main pulmonary vein enters the auricle anteriorly, and the 
aorta leaves the ventricle posteriorly. Lehmann (17) describes 
that of 0, nemoralia^ stating that the auricle is 2 mm. long, 
rather thinner in appearance than the ventricle and concave 
posteriorly, while the ventricle is 2*5 mm. long. He makes no 
mention of the heart in C, hortenaia. Taylor (27) notes that in 
this species the heart has a large white ventricle and smaller 
brown auricle. 

In the material examined the auricle was found, as a general 
rule, to be smaller than the ventricle, but as the heaiii is a con- 
tractile organ, this is of little significance. The measuremeYtts 
taken on the heart were : {a) the length of the ventricle, (b) the 
length of the auricle, (c) the greatest width of the pericardium 
(PL I. fig, 1 1). The figiires obtained will be found in Tables IV. 
and V. ^ 

Vinter* 

The moi*phological sti*ucture of the ureter in the Pulmonata 
has been dealt with by Lang (16), and several of the varying 
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conditions are figured by him; but he makes no mention of 
C, hortmM and C* mmoraliB in this connection, and no descrip- 
tion of the ureter appears to exist. 

The primary ureter originates as a tube at the apex of the 
kidney (PI. I, fig. 1 6). It turns sharply backwards and runs 
along the right side of the kidney closely opposed to it. At the 
posterior end of the kidney it merges in a U-shaped bend with 
the secondary ureter. The latter runs forward close to the rectum. 
After running about a third of its course the secondary ureter 
becomes an open groove ; this groove continues alongside the 
rectum until it reaches the anterior junction of the lung and 
body-wall, where it takes a right-angled turn to the left and runs 
over the pneumostome, to the left of which it opens to the exterior 
between two small pal Hal lobes. (PI. I. fig. 1 a,) 

The position at wliich the secondary ureter becomes a groove 
is of importance in connection with distinctions between C. hor- 
temis and C. nenioralis. There appears to be a tendency in 
(?. hortenBis for the ureter to open into a groove behind the apex 
of the kidney, and in C. nemoralis for it to open in front, although 
R certain amount of overlap occurs. 

Alimentary CanaL 

Apart from the jaw and radula, very little reference to the 
alimentary canal of C. hortensu O. nemoralis is to be found. 
It agrees in general structure with that of Helix pomatia^ 
described by Meisenbeimer (18). The oesophagus, v^hich leaves 
the pharyngeal bulb above the radular sac, is longitudinally 
striated. It passes through the nerve-ring and runs backwards, 
passing insensibly into the crop. This dilatation passes gradually 
into the stomach ; this region lies between the lobes of the liver, 
\inder thealbumen gland. ( PI. IJ. fig. 3.) Nalepa (20) has stated 
that the stomach is merely a swelling of the gut and shows no 
histological differentiation. 

At the posterior end of the stomacli there is a blind diverti- 
culum receiving the opening.s of the two hepatic ducts. The 
intestine originates from the diverticulum, runs forward below 
the stomach, forms two coils hi the' left lobe of the liver (PI. II. 
fig. 3), and passes into the rectum. The rectum runs forwards 
on the right of the lung, the anus opening to the right of the 
pneumostome close to a small pallia! lobe. 

The liver varies in colour from pale yellow to dark brown or 
slate-grey. 

'I'he salivary glands are paired white flocculent bodies which 
lie closely opposed to the anterior part of the alimentary canal ; 
the salivary ducts run forward and open into the mouth close to 
the buccal ganglia and to the origin of the oesophagus, after 
passing through the nerve-ring and the muscles of the pharyngeal 
bulb* 

In G, nemoralis the salivary glands lie on the ci'op, as in Helix 
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pomatia and others of the Helicid^e, but Taylor (87) states that 
in C. hortensis they lie on the oesophagus. The glands, however, 
vary greatly in length and are uncertain in outline, and the 
<listinction between the (esophagus and crop is not readily notice- 
able, so that this contrast between the two forms is probably of 
no great value. 

After examination of the alimentary canal in 100 specimens of 
each species, no variation was found in the coiling of the intestine 
or in the branching of the hepatic ducts and the position of 
their openings. There were no features which could have been 
satisfactorily measuretl. 

Jaw. 

The jaw (PI. II. 6g. 4) in C, hortensxB and G, mmoralie has 
been described frequently. Lang (14) gives the descriptions 
frotn Busch, Moquin-Tandon, Lindstrora, Kobelt, and Lehmann. 

Kobelt (13) counted the ridges on the jaw in 100 of each 
species, and found that they varied from 2 to 7 in C. horUxisis 
and 2 to 9 in 0. nemoralia^ and that they were seldom an^anged 
symmetrically. He draws a distinction between main and sub- 
Eidkry ridges, and finds that when all are taken into account, the 
mean numl^r for the former is 3*7 per cent, and for the latter 
4*6 per cent. 

161 jaws of each species were examined. The number of 
ridges was found to vary from 2-6 in C, hortensis and 2-8 in 
G. nemoralis. The restilts agree fairly well with those of Kobelt, 
and are given in the table below. No marked colonial variation 
was noted. 


No. of liidgoB. 


Cep^a horten$i«. 

Cepaa memoralia 

2 

, 

18*1 per cent. 

1*2 per cent. 

3 


$S‘5 


4*9 

»> 

4 


80*4 

»> 

32*3 

»> 

6 


15*5 

>» 

S41 


6 


4*8 

n 

22*8 


7 


— 


4*3 

»» 

8 


— 


0*6 

»♦ 


Taylor (27) states that the ridges increase in number with age. 
This may be true for the fii*st year while the snail is still immature, 
but a number of young forms examined had six ridges on their 
jaws. These forms had just begun to form a lip, end wwe there- 
fore nearly sexually mature. Since they had as large a number 
of rid^ as were found in the majority of mature forms, it is 
unlikely that they would continue to form ridges during their 
adult life. 

The length AB and the width CD of the jaw (PK II. fig. 4) 
were measured on thirty^thiwe <7. hortensis and twenty-^even 
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nemoralU. No significant difiTarences between the two species 
were found for either measurementy but the numbers used were 
rather small to base calculations on. 

Radvla, 

Lang (14) has collected the descriptions of the radula of these 
two species written by Busch, Lehmann, and Pilsbry. 

These writers lay stress upon the number of longitudinal and 
transverse rows of teeth, but they do not agree on this point. 
It is evident, however, that C, hortenBia has fewer longitudinal 
and more transverse rows than C, nemoralie. The median 
tooth is supposed to be rather smaller than the lateral teeth in 
C, nemorcdis and about the same size in C, 

Howell (5) gives a detailed account of the mdula based on 
measurements of selected typical specimens. He does not think 
that the number of longitudinal and transverse rows of teeth is 
of any value as a criterion for distinguishing the two species, 
since the teeth at one end are not fully formed, those at the other 
end are worn down, and the marginals ere often reduced. He 
has taken measurements of the length and breadth of the basal 
plate, and measurements of the teeth for median, lateral, and 
marginal unci, and finds that specific differences can be detected 
in this way. He also contrasts the shape of the basal plates. 

Boweil does not give the number of specimens on which he 
bases his numerical results, and further states that the specimens 
selected are typical. It is impossible to tell, therefore, if 
bis results would hold for the examination of a large number 
of unselected specimens which might show a considerable amount 
of individual variation. In the present paper no measurements of 
the radula teeth are given, but differences were noted in 
their shape and the shape of the basal plates, these sufficing 
to show that the radula is different in certain respects in the two 
forms. 

No inter-oolonial observations were made on this structure. 

Rbtvoub System^ 

The central nervous system of <7. hortensis and C, nemoralis 
does not appear to have been described in detail. 

As in Seliof ponicttia, concentration of the ganglia has occurred. 
The cerebral ganglia lie above tiie oesophagus, and the sub> 
oesophageal neiwous mass is composed of lus^ pleural, parietal, 
and visceral ganglia, and the closely-'assooiated pedal ganglia. 

The cerebral ganglia are enclosed in a thick coat of connective 
tissue. The thickness and pigmentation of this connective tissue 
vary considerably. It appears to be somewhat thicker in 
0, nemoralia than in C. hortenaiB, since in the former it is 
generally im^sfible to see the shape of the ganglia before 
it is removeot^yjbile in the latter the outline of the ganglia is 
always visible. In the one the connective tissue enclosing the 
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ganglia forms a transverse strap (PI. II* fig* 5 a) lying across tbe 
buccal bulb, while in the other it ctends to conform more to the 
shape of the ganglia, although the strap-like appearance is 
occasionally met with (Pi. II. fig. 5 The pigment charac- 
teristic of the majority of forms examined in both species (100 
of each) is distributed uniformly in the connective tissue in 
(7. but in C. mmoralia it is conspicuously absent in the 

region of the protocei'ebrum of each cerebral ganglion. This 
absence of pigment makes the protocerebra stand out as two 
well-marked white, oval patches, which can be observed at once 
when examining the ganglia (PI. II. fig. 5 a). 

This contrast in appearance of the cerebral ganglia is very 
typical of the two forms, but does not amount to an absolute 
distinction, since in a few cases C» nemoralia was found to 
resemble the “ hortenaia ” type, and the converse also occurred. 
In the forms examined, 96 per cent, of the (7. nemoralia and 94 
per cent, of the 0. hortenaia were typical. 

In a certain number of both species, pigment was entirely 
lacking over the cerebral ganglia. In a number of cases this 
was associated with immaturity in the reproductive organs, but 
this was not invariably so. 

Variation was found to occur in the appearance of the cerebral 
commissure. In general it was found to be about 0*6 mm. long 
in either form, but specimens were found in both species, where 
it was either abnormally long or so short as to be invisible 
externally. The latter condition was found to occur in 8*4 per 
cent, of the G, hortenaia and in 10*3 per cent, of the C, nemoralia. 
In 6*3 per cent, of the former and 8*7 per cent, of the latter the 
commissure was abnormally long. No correlation was found 
between sexual immaturity and the condition of a long cereoi'al 
commissure. 

Two measurements were taken on the cerebral ganglia. The 
distance AB (PL II. fig. 5 c) between the roots of the optic 
nerves was measured, and also the distance BO (PL 11, fig. 5 c) 
from the origin of the cerebral commissure to the root of the 
optic nerve on the same side. In both forms the absolute 
measurements were remarkably constant, the distance between 
the roots of the optic nerves being generally 2 mm. and the length 
of the ganglion 1 mm. The figures obtained will be found on 
Tables IV. and Y. 

The subcesophageal nerve mass is also similar in composition 
to that of jBTcfe j^omatia, which has been described by Meisen* 
heimer ( 18 ). 

The paired pedal ganglia give off numerous nerves to the foot, 
while the mantle and viscera receive nerves from the visceral 
nerve mass. The cephalic aorta runs between this mass and the 
pedal ganglia. 

The visceral nerve mass is composed of paired pleural and 
parietal ganglia and the unpaired visceral ganglion. The latter 
is completely fused v^ith the left parietal ganglion as in Helix 
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pomoUia, All the ganglia lie very closely together, and are only 
to be distinguished from one another by grooves on the surface of 
the mass. 

The risoeral nerve mass does not lie directly in front of the 
pedal ganglia, but partially on top of them, the two masses being 
closely bound together by the pleuropedal connectives and also 
by connective tissue. 

The degree to which the visceral mass covers the pedal ganglia 
may be contrasted in C. hortenais and C. mnwralis, la th^ latter 
they are less Hiiperim posed, and consequently tbe pedal ganglia 
are more exposed to view than in the former (PI. II. figs, 6a 
and 6 6), The connective tissue surrounding the visceral nerve 
mass is often pigmented. It was found that wlien pigment was 
absent from the connective tissue of the cerebral ganglia it was 
also absent from that of the vis(ieral nerve mass, and that this 
was also the case when the pigment on the cerebi-al ganglia 
was present but thinly distributed. 

Apart from the grooves indicating the limit of the various 
ganglia of the visceral nerve mass, other grooves are also present, 
and are often intensified by a concentration of tbe pigment in 
the connective tissue above them. In 6\ horiensis tliese grooves 
tend to give the visceral nerve mass a rectangular appearance, 
wliile in 0, nemoralis the effect is more irregJilar. This character, 
however, is very variable in each form and is of little use for 
diagnosis. 

Genital Organa, 

The genital organs of the Styloinmatophom have formed the 
subject of a large number of investigations, and those of the 
Helicida^ are well known. Among the important works, those of 
A. Schmidt, Semper, Schuberth, von Jhering, and Meisenheimer 
may be cited, while a full list will be found in the bibUogi*aphy 
of liflng’s 1908 paper (14). 

The structure of the genital organs of 0, horienaia and 
C, ^lemoralis (PI. Ill, figs. 7 a and 7 b) may be ascertained from 
a study of Kleiner’s paper, Untersuch ungen am gen ita lappa rat 
von Helix nemoralis und Helix horienaia, xmd einer weitern Beihe 
von Lang geziichteter Bastarde derbeiden Arten ” (11). 

Kleiner examined the genital organs of the two species with a 
view to ascertaining all the dififerenoes between them for 
purposes of comparison with those of their hybrids. Her method 
of measurement of a large number of forma, and subsequent 
treatment of the figures, form the basis of the methods employed 
in the present piece of work. The work on the genital organa in 
this paper is merely a verification of certain of Kleiner’s results. 
She found that ; 

(1) The flagellum was absolutely and relatively longer, and 
that its variability was greater in C, nemoralia than in C, hor* 
tenaia, 

(2) The relation of the upper part of the receptaculum 

Proo. Zool. Soo.— 1 927, No. XXXVIII. 38 
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seminis duct (“ Blosenkana) ” of Hesse (11)) to the lower pai*t 

Blasenstielschait ” of Hesse) was olmracteristic for eacli form. 

(3) The measurements of length of dart and dart-sac showed 
no overlap, and were therefore absolute criteria of species. 

(4) The type of bi-an clung, and length of diveiliicula in the 
mucous glands were distinctive in the two species. The average 
number of diverticula on each glaiui was typical for each form. 

Lang (14) did similar work on the flagelhiin, dart, dart-sac, and 
mucous glands. His results fire in agreement with Kleiner's. 

In the present investigation it was not possible to carry out 
all Kleiner's measurements, the flagellum and lower part of the 
receptaculum seminis being much coiled and too brittle in the 
preserved material to straighten out. The upper pirt of the 
duct of the leceptacnlurn seminis was moesured, and was found, 
as in Kleiner's w^oi k, to be considerably shorter in 0, Aorten^s 
than in C\ nemoralia, although overlap occurred in the range of 
variation. A similai* result was obtained for measurements of 
the diverticulum. The length of tlie dart-sac was also measured. 
The figures will be found in Tables IV. and Y. 

The mucous glands were examined in about 70 animals of 
each species. The different arrangements found in the diver- 


ticula are given below. 



Diverticula. 

Cep(pa hortensh. 

Cf>p<Ba nemoralis. 

6 + 4<» 

3'opei cent. 

— 

6 + 5 

3-6 „ 


6-r4 

104 ,» 


5 + 3 

2'3 „ 


4 + 4 


3'0 per cent. 

4+3 

151 

7*3 „ 

4 + 2 

1*2 „ 

3-4 „ 

4 + 1 

1*3 „ 


3+8 

18-6 

30*0 per cent. 

842 

3*6 „ 

4ro ,, 

3+1 

— 

1*2 „ 

2 + 2 


10-8 „ 

2 + 1 

— 

8*6 „ 

This table shows that 4 + 4 is the most fiequent combination 

in <7. hortensia and 3 + 2 

in (7. nemoralis. 

This is ill accordance 


with Kleiner for the former, but for the latter she gives 3 + 4. 
Only 7’2 per cent, of the forms exanuned ^howed this agreement. 

It will also be noted that in the ujaterial examined certain 
arrangements of the diverticula are peculifir to C, hortmsis and 
certain others to C. nemoralis. 

This examination of the genitalia shows that the shape of the 
dart, and the shape and arrangement of the mucous glands may 
be looked upon as diagnostic characters between the two species* 

* The nmeoaft gUtids are paired ; when one gland hae six diverticula and tha ether 
four, the arrangement ii expressed as 64'4. 
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ISTTEE^OLONIAL VARIATION. 

The figured obtained in the course of the for**going investigation 
are collected in Tables IV. and V., where the mean value, standard 
deviation, and probable error for each organ measured aiv set 
out under the difierent colonies. From 30 to 60 MuiuiMls from 
each colony were examined. These numbers are small for tlie 
type of work, but they suffice to give a good indication of the 
constitution of each colony. 

In the last column of the tables the difference between the 
colony with the highest mean and that with the lowest is given 
for each organ. These differences were in all cases found to be 
statistically significant. 

If the mean values for any one organ in the individuals of all 
the colonies are compare<l, it will be seen that they vary from 
colony to colony, and cover very much the same range in both 
species, except in the case of tlie length of the dart-sac and the 
length of the duct of the receptaculuin semitns; i,e,y except in 
these structures, there is no sharp distinction between the two 
forms in the relative size of the organs examined. 

On examining the standard deviations, it is found that they 
are fairly constant for any one organ throughout the colonies of 
both species. Tlie figures show that Cepma nemw^alia is, on the 
whole, more variable than Cepcea horietuia. No marked correla- 
tion is to be found between the size of the organs in any one 
colony. 

!| JSome organs are noticeably more variable than others. The 
oi'der of variability may alter slightly from colony to colony, hut 
it is approximately the same throughout all the colonies in each 
form. 

It'appears from this investigation, therefore, that the colonies 


Key to Abbreviations in Tables IV, and V. 

ni. Mean. 

P.E. IVobable error of mean. 

(i^ Standard deviation. 

M.P.V. Main pubuoiiavj vein. 

F.U. Distance from fork of vein to opening of ureter, 
L.O.N. Distance between roots of optic nerves. 

L.C.O. Length of cerebral ganglion. 

L.D.S. Length of dart-sac. 

L. duct. Length of duct of receptaculuin seminis. 

L. div. Iiength of diverticulum of receptacalum seminis. 


K. 

Knapp Hedge Colony. 

I. 

Iver Colony. 

C. 

Chalke Bank 

n 

N. 

Nanjiaal Colony. 

M. 

Meadow Hodge 

ff I 

M.C. 

Maiden Castle Colony. 

H. 

Hedge Lane 

n 

W. 

Wembley Colony. 

S. 

Suffolk 

»* ^ 




38 » 
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may vary in their mean valuee and range of variation* If two 
colonies, one from each species, are studied from this point of 
view, they may appear to be widely divergent, with a significant 
difference between the means for any one organ, or they may be 
so similar that it is impois»sible to draw a statistical distinction 
between them* 


iNTBBrSPBClFlC VARIATION. 

In this part of my study I have dealt with the four hundred 
snails which are taxonomically assigned to two difierent species, in 
virtue of differences in the shell and reproductive system, which 
have been mentioned on pp. 555 and 556. From mere obser- 
vation no other constant differences between the two forms are 
apparent, and it has already been shown that the shell is not 
always a reliable guide. It is of interest to see whether further 
anatomical differences will emerge when each species is treated 
statistically, the same method being used as for colonial variation 
(p. 559). 

The two hundred specimens ef each group were treated as a 
sample of the total population of their respective “ species.^’ In 
Table VI, the calculated mean, standard deviation, and probable 
error of the above-mentioned eleven measurements are set out, 
and the significance of the difference between the means of the 
two forms is calculated. It will be seen that the difference in 
mean size for the pericardium, kidney, pulmonary veins, distance 
between the roots of the optic nerves, dart-sac, and duct and 
diverticulum of the receptaculum seminis appears to be 
significant. 

From the study of inter-colonial variation in each group, 
however, it will be seen that the statistical characters of the 
“ species sample ” must depend on the character of the colonies of 
which it is composed. It has been shown that the colonies vary 
markedly from one another ; it is therefore obvious that, to 
ascertain how far the aggregate of individuals diagnosed as 
“ itermralie ” or hortensia on the characters of the shell and 
genitalia differ also in the other characters under considemtion, 
it would be necessary to collect a “ good sample” (2) of mateiial 
from a large number of colonies distributed all over the 
geographical range of the two forms. This, however, does not 
deprive the data here represented of their value as expressing 
the average obtained from sevei'al distinct colonies, and therefore 
giving some approximation to the characters of the C, htyrUmia 
and (7. nemoraUa populations of the area from which the colonies 
were obtained. It must be understood that the differences set 
forth in the tables are those found in the particular sample under 
consideration ; and though the colonies from w hich the individual 
specimens were taken are widely separated from each other, it 
must not be assumed that the differences in question are 
characteristic of the whole Capcaa population. 
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Table VI, 


CeptBa hortmtU, Cepaa nemoralU. Significance. 



Mean. 

P.E.M. 

d'. 

Mean. P.B.M. d'. 

Diff.M. 

P.E.D 

Signi- 

Ventricle 

% 

14-9 

*13 

2*8 

% 

14-48 

•12 

2*4 

% 

■44 

•2 

ficance. 

Auricle 

1817 

•16 

3*2 

18*68 

•16 

3-1 

•86 

•2 

— 

Pericardium ... 

ie»7 

•14 

2*9 

18-98 

•21 

4-2 

1-99 

•2 

Sig. 

Kidney 

84*98 

•29 

6*2 

4099 

•39 

8*0 

6*06 

•5 

>» 

M.P.V 

77-6 

•6 

12*6 

87*12 

•82 

16-6 

9*62 

10 

it 

P.-U 

64-37 

•6 

10*6 

66-27 

•64 

12 8 

•9 

•8 


L.O.N 

16*96 

•12 

2-0 

14*60 

•12 

2*4 

1*29 

•1 

Sig, 

L.c.a 

8*89 

•08 

1*7 

7*79 

•06 

1*2 

11 

•1 


L.D.S 

29*45 

•17 

3*6 

4712 

•33 

6*6 

17*67 

•4 

Sig. 

L. duct R.S.. . 

42*0 

*61 

9*ft 

69*92 

1*05 

20*9 

27-92 

11 

jj 

L.div. R.S. .. 

13*78 

*27 

6*2 

27*42 

•73 

14*4 

13-64 

•8 



P.E.M. 

Probable error of mean. 

Diff. M. 

Difference between mcuiiR, 

P.E.D. 

Probable error of difference. 

d'. 

Standard deviation. 

M.P.V. 

Main pulmonary veiu. 

F.-U. 

Distance from fork to ureter. 

L.O.N. 

Distance between vootn of optic nerves. 

L.C.G. 

Length of cerebml ganglion. 

L.D.S. 

Length of dart-sac. 


L. duct R.S. Length of upper part of duct of receptaciilum sominis. 

L. div, R.S. Length of diverticulum of receptaculuin eeminiR. 

SUMMABY. 

1, Two sets of individuals diagnosed on tlie characters of shell 
and genitalia as Cepcea horteiuu and Cepma nemoralis have been 
examined. Each set was obtained from colonies in Wiltshire, 
Devonshire, Cornwall, Suffolk, Buckinghamshire, and Ididdlesex. 

2, The following structures were examined: pulmonary 
vessels, genitalia, kidney, heart, pericardium, and nervous 
system. 

3. The measurements obtained are presented as they relate to : 

(a) the differences between the colonies of each species ; 

(b) the differences between the species as currently 

designated. 

4. The only absolute distinctions in internal anatomy between 
the species C. hortensis and (7. mmoralia as recognis^ by the 
shell^charaoters are : 

(e) the shape of the dart ; 

(6) the arrangement of the mucous glands. 
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5. The colonies of each species may differ significantly from 
one another, when the individual characters are treated statisti- 
cally. 

6. It is probable that a sample drawn from a few colonies only, 
even though it contain a large number of individuals, is of 
little value for the determination of the characters of a larger 
population. 

The differences found, however, are valid for the section 
studied, and it may be that they represent definite differential 
tendencies in the population as a whole, which might be corre- 
lated with the shell -chaiactei s. 

7. Certain organs show a wider I’ange of variability than others : 
e. ^/., the pulmonary vessels, genitalia, and kidney are markedly 
more variable than the heart, pericfudiuin, and nervous system. 

8. The order of variability of the organs is almost identical in 
the two species and in their colonies. 

9. The various organs do not show the same amount of 
divergence when those of the one population sample are com- 
pared with those of the other. Thus there is more marked 
divergence between the length of the dart-sac of “ i^emoralis 
individuals and that of “Aor/cwsis” individuals than there is 
between the khliiey of the two groups. The following list 
gives tlje owler (from greatest <livorgence to least) in which 
such divergence is manifested in the two samples: — 

Length of duct of receptaculum seminis. 

Length of dart-sac. 

Length of diverticulum. 

Length of main pulmoiuay vein. 

J^ength of kidney. 

Pericardium. 

Distance between optic nerves, 

10. The organs in C, vemoralis are, on the whole, moi’e variable 
than those in C. hcn'teuHis 

Explanation of Abbreviations used in Table VII. 

L.v. Leiigrth of voiitrick. 

L.a. length of auricle. 

L.k. Length of kidney from pericardium to apex. 

W.pc. Width of pericardium. 

K. -f. Length of main pulmonary vein from apex of kidney to main fork. 

F.-u. Dietauce from main fork of pulmonary vein to external opening of nreter. 

L. o.n. Dietauce between roots of optic nerves. 

L. G1. Length of cerebral ganglion 

M. G. Hucoos glands. 

L.d.8. Length of dart -sac. 

B.dA. Breadth of dart«sac. 

L.d. Length of ** Blasenkniial." 

L.div. Length of diverticnlam. 

Oor. Corrected figures. 
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EXPLANATION OP THE PLATES. 

• Plate I. 

Fig. 1 0 . Anterior part of the roof of the lung of C. hortenns, 0*om the inside. 

X6’2. 

A. Anus. A.P.V. Afferent pulmonary vein. E.P.V. Efferent pul- 
monary vein. G.IJ, Ureter gi oove. K. Ax>ax of kidnej'. M.E. Edge of 
mantle. M.L. Mantle-lobe. O.U. Opening of secondary ureter to extei-ior. 
P. Pueiimostome. K. Rectum. Ii.L. Roof of lung. U. Primary ureter. 

Fig. 1 b. Posterior part of the roof of tho lung of 0, hurtensU, from the inside, 
showing lieart and kidney. X 9*6. 

A Auricle. O.P. Opening of secondary nreter to form a groove. 
P. Pericardium . S.IT. Secondary ureter. V. Ventricle. 

Other letters as in tig. 1 a. 

Plate II. 

Fig. 3. Alimentary canal of C. nempralU. X 6’4, 

A. Anus, B.G. Right buccal ganglion, C. Crop. C.B. Right cerebro- 
buccal conimia^ure. Co. (Jajeum. IJ.S. Liict salivary gland. K. (Eso- 
phagus. H. Entrance of hepatic ducts to stomach. I. Intestine. P.B. 
rbaryngeal bulb, P.M. Line of attachment of retractor-plmrynx muscle. 
K. Rectum. R.B. Kadula sac. 

Fig. 4. Jaw of C. nsmoralis. X 19*6. 

R. Ridges. 

Fig. 60 . Cerebral ganglia of C. nmoralU before remoial of connective tissuei, 
X 16. 

C, Cerebro- pleural and cerebro-pedal connectives. O. Optic nerve. 
P. Penis nerve. Pr. Protocerebrum. 

Fig. 6 h. Cerebral ganglia of C. hoHensU before removal of connective tissue, 

xie. 

Cb. Cerebro-bu<'cal connective. O.p.d. Cerebro-pedal conne<*tive. 
C.p.l. ('ei*ebro-pleural connective, O. Left optic nerve, P. Penis nerve. 
Pr. Protocerebrum. 

Fig Be, Cerebral ganglia of (7. horten»i» with connective tissue removed. X 16. 

C, Cerebral commissure. M.C. Mesocerebrum. M.t.c. Metacerebrum. 
Other letters as in 6 g. 5 h. 

Fig. 60 . Pedal ganglia and visceral mass of C, nemoralU with connective tissue 
removed. X 16. 

A. Ansi nerve. C. Cutaneous nerve. C.P.D. Cerebro-pedal connective. 
C.P.L. Cerebro-pleural connective. L.P. Left pallial nerve. L.Pn. Left 
parietal ganglion. R.Pa. Right parietal miuglion. R.P.C. Right pedal 
ganglion. K.P. Right pallial nerve. V. Visceral ganglion. Vis. Visceral 
nerve. 

Fig. 6 h. Pedal ganglia and visceral mass of C. hertenm with connective tissue 
remov^. X 16. 

PX* Left pleural ganglion. 

Other letters as for fig. 6 0 . 



582 THE AKATOUY OF OBPABA HOETEN8IB. 


Flats IIL 

Fig. 7 II. Genital organs of C. hortensis. X 2*2. After Hesse. 

A. Atrimn. Al. Albumen gland. B.K. Hlasenkanal.*’ B.S. 
** Blasenstielschaft.” C.l). Common efferent duct. D. Diverticulum. 
D.S. Dart-sac. F. Flagellum. H. Hermaphrodite duct. M.G. Mucous 
glands. P. Penis. K P. Retractor penis muscle. BB. Reoeptaoulum 
seminii. V. Vagina. V.D. Vas deferens. 

Fig. 7 h. Genital organs of C. nsmoralia, X 2*2. After Hesse. 

Letters as for fig. 7 a. 


Plats IV. 

Diagrams of types of branching of efferent pulmonary vessels found in C. hcrt9n$is 
and C. nemoralu. 

M.P.V. Main pulmonary vein. M.F. Main fo’*lc of pulmonary vein. 
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37. The Besistanceof Oertain Metals and Metallic Allojs to 
Corrosion and Solution by Sea-Wator. By Flaxnky 
Pbhoival Stowbll, B.Se., Ph.D., A.I.O., Aquariuna 
Research Fellow. 

[Received April 7, 1927 : Head May 10, 1927.] 

Tba corrosion snd solution of metals by sea- water is one of the 
most important of present-day problems confronting the metal- 
lurgist. The reason is not far to seek. Since metals, notably 
iron, are essential in the construction of ocean vessels and liners, 
piers, harbour structures and docks, and all the metals at present 
in use for those structures are more or less attacked by sea- 
water, continuous research has been and is being conducted on 
the various problems of corrosion, with a view to lessening the 
expense and inconvenience caused by it, and to producing, if 
possible, an alloy which will withstand the attack of sea- water, 
or, failing that, a protective paint or varnish which will render 
the metal immune. The literature on the subject is so immense 
that no attempt is made here to compile general references ; the 
reader is referred to standard works on the coirosion of 
metals (1). 

The solvent and coirosive action of sea- water on metal fittings 
is a problem which also confronts the aquarist. Though corrosive 
action is a matter of great concern, the solvent action of a water 
also restricts the aquarist in the choice of metallic fitting.sfor his 
show-tanks and circulatory apparatus. This is on account of the 
fact that fish are particularly susceptible to minute traces of the 
heavy metal ions in the water they inhabit, very small concen- 
trations being toxic. It is stated by Marsh (2) that the minimal 
fatal concenti-ation of copper ion, for instance, is one part in 6*5 
millions of water. The ions of silver and lead are also very toxic. 
Hence, though the limiting fata! concentration must necessarily 
vaiy, depending on the size and kind of fish, the rate of flow of 
the water, its oxygen-content, and many other factoi*s, it is neces- 
sary, in order to be absolutely safe, either to limit the choice of 
metal for fittings to one which, though susceptible to attack by 
sea- water, isnon toxic in the ionic condition to fish, or to employ 
an alloy or protective coating which is non-corrosive. Since, up 
to the time of the construction of the Society’s Aquarium, no 
non-solvent or corrosive alloy was obtainable at a reasonable 
cost, the main portion of the metallic fittings in the sea- water 
circulation were made of iron, which, although corrodible by and 
soluble in sea-water, is non-toxic in relatively small concen- 
trations to fish -life. Copper and zinc fittings were avoided, 
for although the corrosion by sea-water is less than in the case of 
iron, the metals in solution are much more toxic. 

Oast iron, however, though certainly the best and cheapest of 
the known materials for piping and other fittings in the Aquarium, 
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leaves much to be desited, ou account of the accumulation o 
rust, which tends to block up working parts, and in time renders 
necessary the replacement of fittings. It is also extremely 
inconvenient, in fact almost impossible, to employ iron for all 
the fittings. Before any other metal or alloy can be used, 
exhaustive tests are necessary in order to ascertain the corrosive 
effect of sea- water under the working conditions, and to estimate 
the amount of metal which passes into solution. 

Oorrosiou-resisting metals usually owe their properties, accord- 
ing to Evans (3), either to their loiv affinity for oxygen, or to 
their very high affinity for the element. In the first class may 
be placed the noble metals, platinum, gold, and silver. Their 
cost, however, renders their use in large quantities prohibitive. 
In the second class are metals and alloys which readily become 
covered with a protective coating of oxide, which renders them 
practically immune from further attack. The action of the 
surrounding medium will continue until a protective coating 
forms on the metal ; if no coating forms, the action will con- 
tinue indefinitely. If this is the case when the metal is immersed 
in sea-water, it is clearly useless to employ it for fittings, if the 
metal in the ionic condition is toxic tofisli-life, unless an artificial 
protective coating be applied, sucli as a paint or varnish. In 
some cases a coatitig may he induced chemically by the addition 
of some constituent to the water, such as the silicate coating 
induced on lead, mentioned in a later section of this paper. 

Various investigations have been carried out by the author on 
the corrosion and solution .by sea- water of metals, alloys, and 
protective paints in connection with necessary fittings in the 
Aquarium circulation, in order, if possible, to find an ideal non- 
corrosive metallic alloy for the purpose, or, if that we'*!® 
impracticable, to induce the formation of a protective coating 
which would successfully withstand the action of the sea-water. 
The results are embodied in the following paper, which is not 
intended to be a systematic investigation of corrosion by sea- 
water, hut rather a practical survey of the action of sea-water on 
certain of the well-known metals, alloys, and protective paints. 
Some cases, such as copper and zinc, have not been examined in 
any detail, as it must be remembered that for aquarium purposes 
the amount of metallic ion passing into solution is of great 
importance. If one of the products of corrosion is soluble in 
water, and the metallic ion is toxic to fish-life, the practicability 
of the metal is nil, and further investigation useless. 

Lead, 

Lead is dissolved by most soft waters ; that is, waters con- 
taining little carbonate and bicarbonate, especially if the water 
contains organic acids. But hard waters with small free carbon- 
dioxide content have very little action, as the metal becomes 
covered with a coating of lead oxycarbonate. More free carbon- 
dioxide present retains the lead carbonate in solution. Accord- 
ing to Friend and Tidmus ( 4 ), the presence of chlorides and 
nitrates increases the corrosion, while sulphate depresses it. 
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Sea^water contains a large amount of carbonates and bi- 
oar bonates, and is alkaline. Chlorides are present in bigh 
concentration in sea^water, but their effect is to a certain extent 
neutralised by the presence of sulphates. It is not to he 
anticipated, however, that sea- water, being hard and alkaline, 
will have a high solvent action on lead. 

Sample strips of chemically pure lead, ordinary commercial 
lead, and a lead-tin alloy, of practically identical weight and 
surface-area, were thoroughly cleaned and totally immersed in 
separate portions of 100 c.c. of sea- water of 8*0 and tempera- 
ture 16° C. Every twenty-four hours the water was withdrawn 
and carefully washed into Nessler cylinders, and the amount 
of lead present estimated by the sulphuretted hydrogen method, 
by which 0 !ie pai*t of lead in ten million parts of solution is 
detectable. The samples were then replaced in fresh sea-water, 
without disturbing any protective coating which had fbrined. 
A duplicate set of strips were immersed under similar conditions 
in sea-water to which had been added sodium silicate iu the 
concentration of one grain per gallon of sea- water (5). 

The untreated lead samples changed very little in appearance 
during the experiment, a slight tarnish appearing on the surface, 
but no local corrosion or pitting was observable. In the ctuse of 
the pure lead, traces of a white powder were found on the bottom 
of the containing vessel after three days. This powder consisted 
of lea<l carbonate and chloride. After three or four days, the 
samples under silicate treatmetit became covered with a strong 
coating, of greyish-white appefirance. Again no local corrosion 
could be detected. 

Table I. give.s the amount of lead expressed in parts per 
ten million of solution estimated at the end of each twenty-four 
hours. Column (5) in the table shows the amount of solution 
from a strip of pure lead immersed in London tap- water, in 
order to afford a comparison with the solution in sea- water. 

Table I. 


\ 

Dunition 
of e<pt. 
ill days. 

Pure lead 
haniplc. 

t'oinniur* 
cial lend 
-ample. 

Lead-Tin 

Alloy. 

, Pure lead 
in fresh 
water. 

Puie 

lead, silica 
treated. 

1 Comml. 

• lead, silica 
ti’eated. 

1 . . . 

10-16 

0 

7 

40 

10-15 

1 10-16 j 

2 . .. 

7 

7 

6 

12 

10 

10-15 

S .. .. 

5 

8 

6-(5 

r-8 

7 

8 

4. ... 

6 

7 

5 

7 

6 

■■ 

5 .. 

! 0 < 

6 

6 

! 7 

! 4 

f 8 

6 

6 

(13) 

(10) 

\ 

7 

! 

3 

8 

4 

2-3 

6-0 

I 8 

2 

2 

8 

8-4 

4 

6-8 

i 7 


1 

10 

8-4 

1-2 

8-4 

1 ^ 

•<1 

<1 

11 

8-4 

1-2 

8-4 

1 * I 

<1 

<1 


* Limiting minimal amount detectable. 
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In the case of each sample immersed in sea-water, an 
appreciable amount of lead had gone into soluiion each day, the 
amount gradually decreasing. At the end of eleven days, 
however, solution was still apparent. The solvent action of the 
sea- water is less than that of the fresh water of hardness 19°, 
The samples immersed in sea-water containing sodium silicate^ 
also showed solution at the commencement, the amount passing 
into solution decreasing steadily as the protective coating of 
lead oxysilicate formed, until at the end of ten days the samples 
were practically immune from further attack. 

As a result of the investigation, the lead coils of a refrigerator 
which had just been included in the sea-water circulation of the 
Aquarium were allowed to soak for ten days in sea- water 
containing sodium silicate in the concentration of one to two 
grains per gallon. At the end of this period it was found that 
a uniform coating of lead oxysilicate had formed on the coils, 
and though the refrigerator has now been in use for eighteen 
months, no sign of corrosion or solution of the lead is detectable. 

Zinc and Zinc Alloys. 

It is only to be expected that zinc will be corroded by sea- 
water, as zinc chloride and zinc sulphate are both soluble salts. 
A sample of zinc totally immersed in sea-water displays local 
corrosion in the form of white points of zinc hydroxide, which 
gradually stream down the surface if the sample strip be 
supported vertically, forming a gelatinous mass at the base of the 
strip. Appreciable quantities of zinc pass into solution. Senii- 
imniersion causes corrosion at points halfway down the strip, 
from wliich zinc hydroxide streams downward. Corrosion also 
takes place at the base of the strip, and gradually spreads 
upwards till eventually the sample is completely eaten through. 
It is obvioiis, therefore, that zinc is totally unsuitable for fittings 
in contact with sea-water. 

Copper. 

The action of sea-water on copper has been exhaustively inves- 
tigated by Bengough and May (6). According to them, cuprous 
chloride is first formed when sea-water acts on copper, this in 
turn being oxidized to cupric chloride and oxychloride. Copper 
carlxjnate and hydroxide are also formed. An appeciable 
solution of copper consequently takes place, which, owing to the 
toxic nature of the copper ion, furnishes a sufficient reason for 
its exclusion from the list of metals suitable for aquarium 
fittings. 

An important alloy of copper and nickel is known com- 
mercially as Monel Metal. This has a fairly i^esistant action to 
sea-water, but on account of the copper it contains, it must be 
considered as unsuitable for the present purpose. In contact 
with steel, moreover, intense corrosion of the latter occurs (7|^ 
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Aluminium. , 

Little work has been done on the toxicity of the aluminium ion 
to fish life, consequently the approximate minimal fatal concen- 
tration is not known. Tli© degree of corrosion of aluminium in 
natural waters depends to a great extent on its purity. Seligxhan 
and Williams ( 8 ) find that hard water containing calcium )>icar- 
bonate, sulphates, and chlorides produces a localized corrosion in 
aluminium, known as “ Idistering.*’ Though aluminium tends to 
become covered with a protective film, the presence of chlorides 
causes a braakdown in the film. Since sea-water contains bicar- 
bonate of calcium, sulphates, and chlorides, the action on alumin- 
ium will be analogous to that described by Seligman and Williams 
(loc, cit.). It is certain that aluminium chloride will pass into 
solution, the salt being very soluble in water ; hence the suitability 
of alurninim for our ]>resent purpose, apart from the aspect 
of localized corrosion, is limited by the lack of accurate know- 
ledge as to the relative toxicity of the aluminium ion. 

Iron. 

Since the corrosion of iron is a problem which has been inves- 
tigated more extensi^ ely t han that of any other inetiil, and the 
literal ure on the subject, voluminous, it is unnecessary to go into 
great dcdail in the present paper. For a review of the problem, 
the reader is I’ef erred to U. K. Evans’s * Corrosion of Metals ’ or 
oilier standard work. Solutions containing sodium chloride 
readily attack iron, the anodic pnxluct of corrosion being ferrous 
chloride and the catiiodic product sodium hydroxide. Ferrous 
hydroxi«le is precipitated, and this is rapidly oxidized to ferric 
hydroxide and ferrl-feiroso liydroxide. The presence of wet rust 
promotes further corrosion. 

The Uhe of .sodium silicate has been recommemled to retard 
the corrosion of iron pipes by water. Evans (9) lia^ found, 
liowijver, that tlie prosettce of chlorides re<luces the protective 
action, and if the silioAte is present in small fpiantities, local 
corrosion still occurs. Since silicate treatment had been found so 
eflTective by tlie author in the case of lead, samples of pure iron 
in the form of strips were submitted to a similar treatment; viz., 
total immersion in sea-water containing sodium silicate in the 
concentration of one grain per gallon. I'hough the total corrosion 
was slightly reduced, local corrosion and pitting took place. 

Corrosion-resisting Steels. 

In the present series of investigations most attention has been 
devoted to the action of sea- water on resistant steel alloys, since 
it is possible to neglect the small amount of iron which passes 
into solution, on account of its non-toxicity to fish -life, and to 
concentrate on the aspect of corrosion pure and simple. 

'Mbst of the oorrosion-ipesisting or “ stainless ” steels are steels 
coni^iing varying proportions of chromium or nickel, or both. 
Peoo. Eool. Soo.— 1927, No. XXXIX. 39 
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Th«se allojrg readily form a protective coating or film of oxide on 
their eurfaOe, which renders the underlying layer- immune from 
Cuttack. The point arises^ however, as to how far the film of 
oxide is'^ continuous and adherent, especially when immersed in a 
liquids like sea-water, which contains chlorides, sulphates, and 
carbonates, all of which may ’cause a break in that continuity. 
Again, whereas a corrosion-^resisting alloy may withstand attack 
at all points if totally immersed, it has been found that the 
resistance may break down at the water-line if the alloy is only 
partially immersed, Hatfield ( 10 ) states that 14 per cent, 
chromium steel is attacked at the water-line if partially immersed 
in sea-water. 

The action of sea-water on one of the best of these corrosion- 
resisting steels, which is known commercially as “ Staybrite,” was 
closely investigated by the author. The steel contains chromium 
and nickel. It is resistant to phosphpric, acetic, formic, and 
tartaric acids, and even to concentrated nitric acid, and it is 
claimed that it can be welded. 

The samples were submitted to the most rigorous tests. Two 
cylinders of the steel were suspended by silk threads in sea- 
water of pM 7*9 and temperature 29® C. Minute air-bubbles 
entering from the base of each container impinged on the 
cylinders, in order to repioduce as far as possible the conditions 
under which metallic fittings are subjected to contact with 
agitated, well-aerated sea-water. Loss of solvent by evaporation 
was made up each day^witli distilled water, and the iron-content 
of the sea-water determined before and after the experiment, 
which pasted a month. Plates of the metal w^ere also semi- 
immerSed in sea-water at the same temperature. Oiie of these 
strips had been cut into two pieces in order to expose a 
freshly-cut suifacp to the sea-water. 

At the end of jbl month no corrosion or pitting was obser- 
vable in either ct the totally-immersed specimens. The water 
containing them was analysed and found to contain only 
0*0024 grammes of iron per litre. The plates subjected to the 
semi-immersion test displayed -very slight corrosion at the water- 
line at the end of a month, with slight pitting. In the case of 
the freshly-cut semi-immersed plates, howevei*, con'osion had 
started at the end of a week, in each case at the air- water 
interface, at the point where the freshly-cut surface was exposed, 
and in a fortnight had spread over the whole w^ater-line. This 
gradually extended down each plate till nist w'as obser\’abl© in 
streaks from the air-water interface to the bottom of the plate. 
The bottom of the containing vessel was covered with rust. 

It appears, therefore, from the results obtained, that this 
steel, like all other chromium or chromium-nickel steels, owes its 
resistant properties to the formation of a thin oxide film, which 
is continuous and adherent. This film withstands the attack of 
aerated sea- water extremely well if totally immersed ; an4 even 
if submitted to the more exacting test of semi-immer^ilin, is 



ALLOVS TO CCmBOSXOX AK0 SOLOTION BIT SEA-WATER. 589 


much more resistaut than any other or metallic alloy 

examined. 

Evans (11) has shown that currents are set up between parts 
of an iron surface by differences in oxygen concentration caused 
by the presence of rust. Consequently, the appearance, in the 
t&se of the freshly-cut specimens, of the products of corrosion at 
a particular point promotes further corrosion, on the principle of 
differential aeration. Hence it is advisable, if this alloy be 
employed for pipes, fittings, or structures in contact with sea- 
water, to allow some period to elapse after cutting or vrorking the 
material, before submitting it to contact with the water, in order 
to allow the natural protective film of oxide to reform on the 
freshly-cut or scratched surfaces. If this precaution be taken, 
there is no doubt that ** Staybiite ** will withstand the corrosive 
action of sea-water quite creditably. 

Protective PainU, Varniskee^ and Biiuminoue Mixtures. 

By far the cheapest and most convenient method of attempting 
to minimize corrosion is the application of a protective coating of 
paint or varnish. An ideal coating is naturally one which is 
impervious to water and which is continuous. Paints contain, 
amongst other constituents, a drying oil (such as linseed oil), 
wliich is converted in air into a solid layer, and a pigment, which 
hardens the drying oih The weaknesses of most paints seem to 
lie in the failure of the pigment to prevent cracking in the layer 
foi'med by the drying oil. Moreover, unless the surface to be 
treated is smooth and dry, and the spreading of the paint very 
•carefully executed, pinholes occur on drying. These are the 
cause of intense local corrosion. Bituminous layers also tend to 
form pinholes if badly spread. Samples of iron coated with 
various varnishes and bituminous mixtures were submitted to 
total and semi-immersion tests in sea*- water *it 18-25° C., and in 
every case local corrosion and pitting was observable, presumably 
at a crack or pinhole pocket formed on drying. The total 
corrosion was, of course, smaller than in the case of the uiipit)- 
tected iron, but was very intense locally. Samples immersed in 
sea-water and impinged on by a jet of minute air-bubbles, 
-quickly broke down at the points of contact with the air ; in fact, 
in some instances, whole fragments of the protective coating had 
been torn away. Details of each experiment are not given, as 
the general result only is relevant ; namely, that protective 
paints and bitumens tend to pit badly when immei sed in aerated 
sea-water. The fault may not lie in the paint so much as in the 
manner of applying. It must be borne in mind that it is 
practically impossible in most cuises to prepare the metal to be 
painted so carefully that the coating “ wets the surface com- 
pletely; and, in consequence, intense corrosion occurs in the 
minute crevices which are left unprotected, and to which the sea- 
water has access. 


39 * 
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Conclusions, 

Though, as alrea<ly state(l, the present paper is not supposed 
to be a Ksystematic investigation of corrosion by sea water, the 
results described bring out one or two salient facts, which are in 
line with w^ell -known corrosion theories. The resistance to 
corrosion of the less noble metals and alloys is due to the 
formation of a protective coating. For complete iinmunity from 
attack this coating must be continuous and adhesive, and must 
also be non-soluble in, and non-permeable by, the liriuid medium 
causing the corrosion. This coating may he induced naturally ; 
that is, as a result of the formation, on the sui’faee of the metal, 
of oxide, or of the products of reaction between the metal and 
the surrounding medium. As an example of this jnay be cited 
the revsistant steel alloy, “ Stayhrite,^’ which, as the results show, 
owes its resisting powers to the formation of a tliin but adheient 
and impervious oxide film. 

If this protective coatinsr is not formed naturally, such as by 
atmospheric oxidation, it is sometimes possildc to induce it by 
chemical treatment. The reaction bt'twetai lead and silica, 
present in solution as sodium silicate, results in the formation 
of a more or less adherent and continuous coating of lead 
oxysilicate, which renders the metal immune from further 
attack. 

Finally may he mentioned the artificial production of a pro- 
tective coating, such as the aj)p]’ cation of a paint or varnish. 
The difficulties pr<»sented in obtaining n peifect coating are 
twofold — assuming a perfect ])aint or enamel, impervious and 
resistant to sea-waier, tbe problem remains of its application to 
metal fixtures without the tormation on drying of minute clacks 
and pinholes. 

The value of semi -immersion as a luoi e rigorous and exacting 
test than total immersion was suggested to tire author by 
Mr. IT. K. Evans, of Xing’s College, Cambridge, and is 
abundantly justified by the results obtained, as samples which 
successfully 'withstand total immersion very often break down 
on semi-immersion at the air- water interface. In practical 
tests, therefore, unless the material is specifically intended for 
conipletely submerged fixtures, it is always advisable to carry out 
seiui-immersion as well as total -immersion tests. 

Summary. 

1. A brief account is given of various tests relating to tbe 
corrosive and solvent action of sea-water on metals and metallic 
alloys. 

2. Natural films of oxide or chemically-induced protective 
coatings have been fouud in two cases to withstand fairly 
successfully the attack of sea-water. 

0 . The weakness of paints and varnishes as protective coatings 
li6s in the formation of minute cracks and pinholes, which cause 
pitting when brought into contact with sea-water. 
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4. Serni-inimevsioii was found to be a more rigorous and 
exacting test than total immersion, and test samples should be 
submitted to both treatments before an opinion is expressed as to 
their coi-rosion -resisting j>roperties. 
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Introduction. 

The preparation of a complete monograph on the anatomy of the 
Marmoeet {Ilapale jacchiis Kuhl) was underfeiken at the request 
of Professor Elliot ISmith with the object of settling the affinities 
of the primitive Platyrrhinse to the Eoct ne Tarsioicls. The Mar- 
moset was chosen because the brain of this animal showed several 
points of I'esem bianco to that of the living Tarsii^ spectrum^ and 
also because a large number of specimens of the animal could be 
obtained witli ease. 
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The choice of the animal may not commend itself to those who 
regard the Ilapalidie as al>err}uit members of the Phityrrhinse 
and iis extremely specialised animals. It is true that in their 
method of progression the Hapalidte difter considembly from 
other Primates; but, as will be shown later, this modification has 
taken place relatively late in the history of the group, and afiects 
but little the basic primitive characters of the animals. The 
opinion of some observers that the Hapulida? are the most primi- 
tive of all the Primates and are closely related to some primitive 
unguiculate ancestor, has been based almost entirely on the 
presence of claws which are found on nil the toes and fingers 
with the exception of the hallux. This view has been regarded 
as erroneous by Gregory (19i<>). He regards the Hapnlidce as 
specialised Platyrrhine Monkeys. 

Huxle}' (1876) and Macalister (1878) separated the Mni'mosets 
from the Cebidie, and grouped them as the Arctopithecfe. 
Huxley’s reason seems to have been based on the fact that he 
could not regard them as truly belonging to the Quadrumana 
(tlie fore-foot “ is a mere paw, an<l the term ‘ hand ’ is not applic- 
able to it ” ; the planiar surface of the hind-foot “is very 

long, and the digits are very short. It follows from these factvS 
that the term ‘ quadrmnanous ’ is not ap[>licable in any sense to 
the Marmosets'’). 

In a monograph of this kind, where tlie terms primitive, 
specialised, generalised, and advanced are used frecjnently, it is 
important to i*ecognise the exact meanings of these words, as an 
improper use of them has led to many misunderstandings in the 
post. Ono cannot do bett€»r than a<l<»f)t the definitions given 
by Todd. The woi'ds are used in this paper to expiess the 
meanings he lias given. 

A primitive animal is one which has retained many of its 
ancestral or archaic cliaracters. It may bespeciali.sed, but cannot 
be generalised, nor can it be advanced. A generalised animal 
may be pi'imitive, ajpd usually is, in some respects. It is not 
specialised, iiecause it retains tbe ability to clmiige its life-habits 
with changing environment. The advanced animal cannot he 
primitive, but it may be either generaliseil oi‘ specialised. It is 
an animal which ]ia.s chfinged greatly from its ancestial type. 
The specialised animal may be primitive or advanced, but it is 
an animal which has lost its power of adaptation to changing 
environment, and is therefore not generalised. 

A perusal of this paper will, I think, tend to establish the 
proper relations of the Hapalidae. It wull give my reasons for 
believing that the Marmoset is a basically primitive primate. 

This paper is based entirely on personal observation except 
where duly acknowledged. Dr. H. H. Woollai’d undertook the 
investigation of the central nervous system. He has allowed me 
to use his specimens of the eye of the Marmoset in writing the 
section on the eye in this monograph. I am indebted to him 
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for allowing me to use his conclusions on the brain of the animal 
to complete iny review of its affinities. 

Ml*. F. Martin Duncan has prepared notes on the structure 
of the hair, and has compared it with that of 7'arsim and otlier 
South American Monkeys. I w’ish to express my thanks to 
Dr« Woollard and to Mr. F. Martin Duncan for their assistance. 

I have to acknowledge the continual encouragement and advice 
given to me by Professor G* Elliot Smith. He has displayed 
great interest in the work, and has he]j)ed me by placing at 
my disposal obscure papers wliich I could nofc have obtained 
otherwise. 

I wish to express my thanks to Mr.T. L. Poultou for the pains 
he 1ms taken to }»roduce tin? accurate and beautiful illustrations 
for this paper. All the illu.strations have been drawn by liiin 
from the original preparations. 

Material. 

Fourteen juiiinals were available for study. Ten of these had 
been eviscerated and preserved by my predecessor, the late 
Dr. Sonntag. Tlie remaining four were obtained fresh. Two 
were dissected in the fresh state and the others preserved for 
histological investigation. One specimen of a Midas geofroyi 
was jueserved. 1'his animal was afterwards dissected by 
Mr. Haines, of University College. His work was entiiely 
independent of mine, but a comparison on my results with his 
brought out the fact that there was no essential dillerenoe 
between the Marmoset and Midas. 

T ha ve had the opportunity of examining two young specimens 
in the possession of Professor J. P. Hill, F,K.8., at University 
College, London, 1'he.se animals w'ere bred by Dr. Lucfis at tiie 
List<*r Institute. They are newly-born animal.'. — one is a male 
and the other a female. 1 wish to thunk Professor Hill foi* the 
opportunity of examining these specimens. 

Distribution. 

The Hapalidie are divided up into two genera — the true 
Marmo.sets (Genus Hapale) and the Tainarins (Genus Midas), 
The dilTerences between the two genera are so fe\v and so slight 
that it is doubtful if full generic rank ought to be given to the 
two divisions. The true Marmosets are found in the tropical 
forests of South America, but mainly in the Amazon Valley. 
One species, the Pigmy MarnuKset, e.xtends into Mexico. Idie 
Tamarins are found in the same it^gion and also extend into 
Mexico. 

ffapaU jacchus^ the Common Marmoset, according to Forbes 
(1896), is found only on the island of Mai'ajo at the mouth 
of the Amazon, Gray (1870) considers that there are at least 
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four varieties of the Oommon Mamoset, but these forms are 
described as distinct species by other observers. They are : — 

Ilapak jacchtis, the type-specimen. 

ffapale alhicoUis (Spix ), the White-necked Marmoset. 

Hapede ptncillaia (Kuhl), the Black-eared Marmoset. 

Hapcde lettoocephala (Kuiil), the White-headed Marmoset. 

Intermediate forms are seen which combine some of the features 
of each of these varieties. 

Ilapale jacchus was first described by Linnteu8(1766) under the 
name Simia jacchus, Geoffroy described three species in 1812 
under the names : — 

Jacchus vulgaris, 

Jacchus penciUata, 

Jacchus leucooephalus. 

In 1820, Kuhl described the Common Marmoset under the 
present name — HapaU jctochus^ while in 1823 Spix described 
the White-necked variety under the name U, albicollis, 

Elliot (1912) has substituted for the generic name JJapale the 
name Ctdlithrix. This change is open to grave objections, but 
mainly because the name had been appropriated as early as 1810 
for the Tee-Tees by Geoffioy. 

Habits. . 

The Marmoset is a diurnal, arboreal animal living entirely in 
the South American tropical forest. It subsists on fruit and 
insects. Some observers state that it will also mid the nests of 
birds and devour newly-hatched chicks. Forbes says that they 
will eat “flesh, especially of fishes.’^ 

In captivity they are gentle, playful creatures, and if kept iimler 
warm conditions with ultra-violet light irradiation for a short 
time every day, they will breed (Lucas, 1927). They run about 
on branches of trees placed in their cages in an active manner, 
but are clumsy when placed on a smooth floor. The method of 
progression has been compared to that of a Squirrel ; but this is 
scarcely true. When at rest they abduct the phalanges and dig 
the claws into the soft bark of the branch on which they perch. 
The hallux is maintained at right angles to the rest of the foot, 
but the grip it gives is very weak. The fore limbs are used for 
prehension of food as in other primates, but they use the man us 
mainly for fixing the piece of food and not for conveying it to 
the mouth. 

Movements appear jerky, especially the movements of the bead 
on the neck. The head can be turned through considerably 
more than ninety degrees, but never can it be brought round 
through one hundred and eighty, as Tarsius can do with ease 
(Le Gros Olark, 1924). 
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The fore limbs can be fully extende<l at the elbow. Supination 
and pronation can be efiected readily. The hind limb is perma- 
nently flexed on the abdomen, and when at rest the thigh is close 
against the abdomen. The knee is always flexed. The fullest 
extension which 1 have seen did not exceed about ninety 
degi^ees. 

The face does not look ventrally as in other Monkeys. It is 
directed forwards and ventrally ; hence the angle between the line 
joining the snout to the occiput and the long axis of the body is 
considerably less than a right angle. This accounts for the tilting 
of the occipital squama with regard to the plane of the foramen 
magnum. 

When feeding, the lips are not used to surround the food, but 
are pulled away to expose a considerable area of the alveolar 
region of the maxilla and mandible, 'i'he animal is able to bite 
sufficiently hard to perforate the skin and draw blood. The 
canines are usually found to have perforated deeply, while the 
incisors merely mark the skin. 

External CnAUACTERs. 

The Hair, 

The hair of the facial region is creamy over the root of the 
nose and the eyelids. These haiiis are short and downy. Over 
the lower lip a number of short wdiite hairs are to be seen. The 
remainder of the face is covei*ed with blackish hair. In front, 
above and bcddnd the pinnie there is a markeil bunch of black 
hair tipped with white which gives the animal a very chanic- 
tei'istic appearance. The cranial surface of the pinna has a few 
spai-se hairs scattered over it, but almost all are found at the 
helicial margin. The outer surface is covered with short black 
hairs. The scalp is covered with browmish-black hairs which 
become black near their tips. 

The ventral surface of the neck, tlionix, and abdomen is 
covered with pinkish -white skin on which is distributed short 
brown hairs. The amount of hair seenjs to vary in individual 
animals. The perineum and the skin over the sternum are 
devoid of any hair. The dorsal surface of the body is covered 
with hair which is black for seven or eight millimetres at the 
root, then golden browui for the same <listance, then black, and 
finally tipped with white. 

The skin over the medial surfaces of the upper arm and thigh, 
the axilla, and the flexor surface of the fore arm is pink. Over 
these areas the black hairs are absent and short brownish hairs 
take their place. 

The flexor surface of the tail is almost entirely devoid of hair. 
The dorsal and lateral surfaces are covered with black hair tipped 
with white. The tip of the tail has a tuft of black hair tipped 
with white, continuous with the other hair of the tail. There is 
no sign of scales on the skin of the tail. 
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F^lrissce, — VibiijsMB «re prc'seiit. A group of tlu’ee or four 
are seen lying on eaeli side of the root of the nose on the supra- 
orbital ridfge. Two or three lie in a group latenil to the anterior 
nares. Four large vibriss® are found on the upper lip lying in 
two groups of two each near the angles of the mouth. About 
six vibrissie are seen on the lower lip, but they are niucli shorter 
than the vibriasne so far described. The latter are about a 
centimetre in length and are Aery strong. On the lower lip a 
immber of very short stout hairs are seen which are not ordinary 
hairs, but are short vibrissfc. These point downwards and for- 
wards and T'esemble tlie hairs descrihed by Woollard as occurring 
in Tarsins in the smiie position. (Text-fig. 1.) 


IVxt-figuve 1. 



Tt^sliow the amuij;ona'nt off ho vihiisvji* on Iho fatM» and tho form of 
tho oxtenial iniroK 


7^he Head. — The iiead is shaped like an egg. Tlie descripliou 
would be quite accurate but for an apparent flattening ot the top 
of the skull which is caused by the upper margins of the oiddt 
breaking the smooth contour of the cranium. I'he broad end of 
the egg forms the occiput, and tlie jioiiited end the snout. The 
hairy coveiing has been described above. 

2'he Month . — The mouth is a wide slip extending as far back as 
the first premolar tooth on each side. The mucous margin is not 
everted. There are no ridges on the lip margins. 

The Nose . — The anterior nasal openings are oval and are 
situated on the lateral surface of tlie snout. Their long axis 
lies in an antero-posterior plane. The openings face laterally 
and slightly forwards. Between the two nasal openings there is 
a well-marked depression which is caused by the cartilages <Jur- 
roimding the anterior nares projecting above the level of the 
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median plane, by the lateral position of the nasal openings and 
the great inter-narial distance. Tlie nasal liones meet at an 
angle and form a definite ridge in the medial plane immediately 
above the inter-narial depres*<ioii. 

Kars . — Pocock (1917) has described the ears of Ua^iale in his 
paper on the genera of the Haimlidee. The ears are huge. The 
dorsal part of the pinna lends to bend at right angles to the 
remainder of tlie ear so as to lie in a transverse plane. The helix 
forms a brotwl flap with the u[>per and lower margins infolded as 
the helicial margin approiudies the anteiior limits of the fiee 
edge of the pinna. The cartilages are described in the swtion on 
the sense organs. 

Nech . — There is no well-defined neck. Tlie angle of the 
mainlible comes into close relation with the clavicle in the 
normal resting position of ti\o hea<l. Ihe anterior part of 
the neck is sparsely covnn'ed with fine brownish hair. The hair 
over t lK*! posterior cervicril region is intermediate in type between 
that on the scalp and that covering the dorsum of the trunk. 

7Va///f. “-Tlie thorax is heart shape*! in section. Tlie apex of 
tlu‘ heart lies on the spine. It becomes a flattened oval in 
the upper thoracic region, from which tin* shonl<h-rs sju ing out 
laXerally. 1'lio siuipuhe are (dtisely a[>pli€>d to the fiostero- lateral 
thoracic walk ar.d in the living animal the inter-si'apidar region 
aj)i»ears as a flatWned area and not sunken. The abdomen is 
shaped like a cone, with tht* base formed by the lower part of tlu' 
thorax. After removal of the lower limbs this cone-shaped form 
is continuod into the tail, nliich gradually naiTow-^ from bn-^e 
to tip. 

External Gen i talia, 

(text-fig. 2). — Tlie scrotum is a horseshoe-shaped eleva- 
tion. d'he skin is covered with small ]ieaj ly-white nodules. This 
nodular area skin is coutiiiucil backvvaiils towar<!s the anus, 
and surrounds that opening. The lateral masses of t he genital 
elevation contain the testes, while tlu* transverse ridge which 
joins them t<)g<*ther across the middle line lias the penis buried 
in it. In the mitldle line the tip of .the penis is visible through 
a small circular opening. On everting the penis the glans is 
seen to be a cylindrical structure which has an indefinite frenuin. 
dTie nipples are not present in the male, in two male speicimens 
the testes were retracted out of the scrotum and lay oblicpiely in 
the iiiguinal region near the interna] abdominal ring. 

Feifude Genitalia , — The skin of the perineum is stmlded witli 
numerous nodules closely resembling the condition seen in the 
male. Anteriorly they are found as far as the upper level of 
the body of the pubis and posteriorly as far as the root of the 
taU. The \iro-genital cleft is sepimvted by a considerable distance 
from the anus. This cleft is a slit-like recess lying between two 
elevations — the labia. When these are separated widely a deep 
pit is seen in the posterior end of the uro-genital cleft. This pit 
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Text-figure 2. 



The external genitaha of tlic male. This specimen wras peculiar in that the testes 
had been retracted upwards and lay in the inguinal fold with their upper 
poles in tlie external opening of the inguinal canal. There is no well-marked 
frenuin. The tioilular skin surrounding the anus is well marked. 


Text-figure 3, 



T1»e external genitalia of the female. Note the small labia minora and the 
sUt*hke opening of the vagina. 
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is ovaUsbaped and lies about the level of the anterior edge of the 
inner margins of the pubic bones4 It appears to be the true uro- 
genital sinus, as into it open the urethra and the vagina. The 
superficial slit should then be called the vulval slit« The vagina 
runs backwards and upwards to the cervix of the uterus. The 
inner surfaces of the labia and the uro*genitai sinus are smooth 
and are covered with mucous membrane. The clitoris is com- 
pletely buried, and the tips of the erectile bodies reach the surface 
at the most anterior edge of the vulval slit. The tips are pig- 
mented. There is no trace of a hymen in the two female 
specimens examined. (Text-fig. 3.) 

Two nipples are seen in the pectoral region. There are no 
axillaiy or inguinal mammary glands. 

Fore lAmhan 

These are relatively short and reach below the iliac crest when 
stretched along the lateral surface of the body. The whole limb 


I’ext-figure 4. 



The palmar surface of the hand to ehow the an’aniBement of the palmar pads. Note 
the small carpal pad with its group of rihris'»u.u See text for description. 

is flattened. The out^v surface is covered with the characteristic 
white-tipped black hair which extends os far as the wrist. The 
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back of the hand and the fingers are covered with fine bi-ownfsh- 
black hair as far as the root of the c!aws« 

Carpal Fad , — There is a carpal pad present on the ulnar side 
of the forearm about five oi* six millimetres distant from the 
distal end of t)ie ulria. It is a small raised area of skin from 
the summit of which four small vihrimm arise. 

Pahnar Pads , — Tliere 111*0 six pads on the palmar surface of the 
hand. On the thenar surface there is a rectangular pad which 
is covered with well-marked epidermic ridges which run from the 
outer to the inner edge of the pa«l. A wide sulcus separates this 
pad from a well-marked pad on the hypothenar eminence. The 
hypothenar pad is subdivided into two — a distal triangular and a 
proximal trapezoi<l. On these pads the epidermic ridges radiate 
from a point near the centre of the palm to the outer edges of 
the pads. Four triangular pads lie at the bases of the digits ; the 
most radial overlies the most proximal phalanx of the poilex. 
The next on tlie ulnar side of the latter overlies the same bone 
of the second digit. The third pad is cominon to the thinl and 
fourth digits, and the most ulnar of the four overlies tlic proximal 
phalanx of the little finger. Epidermic ridges ai e present on these, 
but they vary in direction. The ridges over the poilex pad arc 
transverse from radial to idnar e<lge. I'hose on the second pad 
radiate from a point on tlie ulnar side ; lienee some of the ridges 
are triinsverse and others lie in the long axis of the digit, 'i'he 
ridges of the third pad radiate from the palmar apex, and those 
on the little finger radiate from tlie nihl -point of the ulnar edgt‘. 

Terminal pads are found on the terminal phalanx of tlie 
digits. These arc flattened fi’om side to side. The skin of 
the flexor surface of the first and second phalanges is bare, and 
is not modified to form pad-like structures. It has numerous 
creases. (Text-fig. 4.) 

Naih, — Thei5e are claw-like structures wliicli are flattened 
from side to side and have a well-marked groove on the palmar 
sui*face. The points of the claws are exceedingly slmi*p. 

Hind Limbs, 

The length of the hind limbs is about equal to the crown-rump 
height of the animal. The muscles of the flexor and abductor 
regions of the thigh are very powerful, while the extensor 
muscles are relatively weak. The femoral and tibial lengths are 
about equal. The foot is elongated and relatively nan*ow. From 
the posterior margin of the os calcis to the distal ends of the 
plantar pads the foot is naked of hair and covered with 
epidermic ridges. The great length of the foot is due to the 
lengthening of the metatarsals and not, as in Tarsius, to an 
increase in the length of the navicular ami talus. 

Plantar Pads,^AH in the palm, the pads can be described in 
three groups: — 

(a) Piroximal or plantar proper. 

(!>} Distal or metatarsal. 

(c) Terminal or phalangeal. 
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The proximal padeare two in number — one on the inner or tibial 
side of the foot, and one on the outer tibnlar stdot The inner pad 
is a long elevation which overlies the hrst metatarsal and the base 
of the hrst phalanx. There is no distal hallux pad. The epi* 
dermic ridges are transverse from inner to outer edge of the pad. 


Text-figure 5. 



Tbe plAtttsr padii. Note tbe potitioti of the hallux and the arrangement 
of the epidermic ridges. 


These ridges sweep laterally oyer the plantar sulcus to the 
proximal edge of tne heel. The outer pad extends from tbe 
posterior edge of the os dalcis to tbe head of the fifth metatarsaL 
it is a very alight elevation above the plantar sulcus. Over the 
Pitoc. Zoot, Soo.~l»27» Ko. XX. 40 
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•diEtal end the epidermic ridges are transverse. The distal pads 
Ere three in number, although the inner one shows a sulcus 
which almost divides it into an inner and outer half. The outer 
overlies the base of the proximal phalanx of the fifth digit, 
^e middle overlies the same region of the fourth, while the 
inner and largest is placed over the bases of the second End third 
digits. The subdivision of this pad would allow a separate pad 
for these two digits. The course of the epidermic ridges is shown 
in text-fig, 5. 

Terminal Pads, — These have the same relations as those in the 
hand. The one on the pollex is very large, but is not laterally 
compressed as on the pollex. 

N'ails. — There is a fiattened nail on the terminal phalanx. All 
the other digits bear a “ side-to-side " flattened claw. On the 
plantar and palmar surfaces of the claws there is a distinct 
groove. The terminal phalanx in all the digits except the hallux 
is compressed from side to side and not expanded as in Tarsius, 

Digitcd Formula. — ^The hallux is placed on the inner side of the 
foot about half-way along the inner edge. Consequently the first 
metatarsal is the smallest of the series. The third and fourth 
digits are equal in length and are the longest. The fifth digit 
is next longest and then the second. Therefore the formula is 
3&4>5>2>1. In the hand the formula is 3<fe4>2>5>l. 

Microscopic Structure of the Bair, — Mr. Mai*tin Duncan has 
supplied me with the following information as to the structure 
of tne hair of Bupale : — 

** The hair of H, jacckus is of very fine texture, the diameter of 
the hairs mnging from 25-30 microns in diameter. The cuti- 
cular scales are well marked, imbricate, and somewhat flattened. 
The medulla is discontinuous, single, and flattened in the larger 
hairs forming the outer coat. In the fine fur the medulla is 
ovate in form. The medulla in these fine hairs bears a close 
resemblance to that of Tarsius, The pigment is diffuse and varies 
in density. 

“ In Tursius the cuticular scales are coronal and more pointed 
than in Galago. The discontinuous medulla is relatively large, 
single, and ovate. The pigment is diffuse throughout the 
cylinder. 

“ In Nyctipiikecaa the cuticular scales are imbricate, crenate, 
and the medulla is ovate and discontinuous. The pigment of the 
cylinder is in the form of dense granules that are formed into 
chains and rods. 

The cuticular scales of Galago makoli are coronal in shape 
with simple edges. The medulla is large, discontinuous, and 
ovate, 13ie pigment granules are dense and formed into 
chains,” 

The structure of the hair thus would show that Tarsim and 
HapaU are closely allied. Fyctipitheous has a more complicated 
arrangement of the pigment granules than Bapdle or Tarsiua^ 
but the stmcd^ure of the scales is not far removed from that 
found in either Tarams or HapaU. (Plate II.) 
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The Skeleton. 

The description of the skeleton is based on a complete skeleton 
lent to me by Professor D. M. S. Watson and on separate bones 
prepared from two fresh specimens. Four complete skulls were 
available for description, two of which were dissected to show the 
relations of the parts of the orbit and the nasal cavity. One was 
used for a dissection of the bulla and labyrinth, while the 
remaining specimen formed part of a museum skeleton and was 
used for the general description of the skull. 1 had available 
two prepared skulls of Midas roscUia, These were used to com- 
pare with the jffapale material. 1 regret that I w^as unable to 
obtain a skull young enough to prepare a disarticulated specimen, 
and in consecpience 1 was not able to determine the accurate 
detail of some of the articulations of the smaller bones. (Plate I.) 

The SkuU. 

The fronAal bane shows no trace of a metopic suture. Pos- 
teriorly it is prolonged into a distinct angle which separates the 
anterior parts of the parietals from each other. Laterally 
the bone articulates with the orbital plate of the malar along a 
line which is almost horizontal. This suture reaches the anterior 
edge of the orbital cavity at the junction of the superior and 
lateral walh. In front the bone articulates with the nasal borms 
and moi'e latemlly with the upper edge of the lachrymals. 
Within the orbit the frontal articulates with the lachrymal, the 
ethmoid, the palate, the lesser wing and the greater wing of 
the sphenoid, and finally with the malar. This articulation is 
along a line which is almost horizontal in its course. The 
bone thus forms the anterior three-fourths of the roof, the 
upper third of the medial wall, and practically none of the 
lateral wall of the orbital cavity. (See text-figs. 6, 7 <k 11.) 
The olfactory foramen is a single opening on each side. 
Lying in front of the foramen and extending laterally along 
the superior edge of the orbit a seiies of small air cells are 
found wutbin the bone. They extend laterally almost as far as 
the articulation of the bon© with the malar. The bone, except 
in this region, is extremely thin, and there is no division of the 
cranial or orbital portions into inner or outer tables. 

The lachrymal separates the frontal bone from the nasal 
process of the supeiior maxilla. 

The aSygomoitic or MaJar Bo7ie , — This bone consists of two 
portions — the orbital plate and the zygomatic process. The 
orbital portion is a thin plate of bone which forms the outer 
wall and most of the floor of the orbital csavity. Above, it 
articulates with the frontal, and inferiorly it forms the outer 
boundary of the slitdike infeiior orbital fissui'e. In front of 
the fissure there is a short articulation with the superior maxilla. 
The malar foramen is complete and is not a notch as in Tamm. 
Two small venous foramina are to be seen, one on each side of 

400 
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the fronto-malar articulation. ‘ In one specimen, on one side, the 
malar foramen was double. 

The zygomatic process of the malar extends backwards as a 


Text-figure 6, 

Usl 



V. 


The front view of the skull. 

F. Frontal bone, F.B.V. Foramen for emissary vein. F.li. Fommen rotundum. 
O.W,S. Great wing of sphenoid. I.O.F. Inferior orbital foramen. L.W.S. 
Lesser wing of sphenoid. H.F* Malar foramen. Mir. Malar hone. Mnt.F. 
Mental foramen. M.O.P. Orbital plate of the malar. M.T. Middle turbiual 
bone. Mx. Maxilla. Ksl. Nasal bone. O.F. Optic foramen. O.P.F. 
Orbital plate of the frontal bone. Par. Parietal bone. 


thin bar of bone which articulates along an oblique line with the 
zygomatic process of the tempotal bone. 

I%e Temporal Bone , — The bone forms but a small portion of 
the lateral wail of the cranium on the lateral surface of the skull. 
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In front this portion (the squamous fcetnporal) articulates with 
the great wing of the sphenoid, and the line of junction of the 
two bones extends infeiiorly, medial to the glenoid cavity and 
lateral to the foramen ovale, where it joins the lateral border of 
the bulla. Above, the squamous temporal articulates with the 
anterior half of the inferior border of the parietal. Above 
the external auditory meatus the squamous temporal ends 
and the mastoid portion of the bone commences. The articu- 
lation between the mastoid portion and the parietal extends 
posteriorly along the sutnmit of a bony crest until the asterion 
is reached. Here the articulation bends down at right angles 
and, running forwards and inwards, terminates at the foramen 
lacerum posticuin (jugular foramen). Along this part of the 
articulation the bone is in contact with the siipm-occipital and 
the ex-occipital. From the anterior edge of the jugular foramen 
a suture divides the bulla from the basi -occipital and the basi- 
sphenoid. The anterior edge of the bulla is in contact with the 
posterior edge of the great wing of the sphenoid, the articulation 
running backwai'ds and outwards to reach the anterior limit of 
the foramen ovale. At a point on the articulation between the 
medial border of the bulla and the basi -occipital corresponding 
to the mid-point of the external auditory meatus there is a small 
fonimen. This has been described by Wortniann as transmitting 
a small branch of the internal caroti<l artery to the interior of the 
sktill. J have not been able to demonstrate an aHery passing 
through this foramen, but I have seen in one specimen a small 
vein passing tlirough this foramen ami opening into the inferior 
petrosal sinus. It is most tinlikely that the artery described by 
Wortniann, in this position, really exists. 

The tempoi fl] p(.»rtion of the zygomatic arch forms as it passes 
backwards a liorizontul shelf to form the glenoid surface. Imme- 
diately in front of the external auditoiy meatus the zygoma 
throws out a slioi’t post-gleuoid process. Medial to the process 
in the angle between the bulla and the glenoid surface is the 
jK>.st-gleiK)id foramen transmitting a small vein. The anterior 
root of the zygoma is formed by the anterior part of the glenoid 
shelf. The middle root does not appear to have any connection 
with the posterior wall of the glenoid fossa. This wall is formed 
entirely by the tympanic annulus. The posterior root is continued 
above the external auditory meatus as a slight elevation, which 
is continuous with the supra-mastoid crest. Into the posterior 
root of the zygoma air-cells extend from the small tympanic 
antrum. These are described in connection with the bulla. 

The mastoid region is only slightly inflated, but no mastoid 
process is developed. 

In the cranial cavity the squamous temporal is shut off from 
the lateral wall of the cranium by the overlapping of the inferior 
edge of the pa.rietal bone. It does take part in the formation of 
the floor of the temporal fossa (middle ci-anial fossa). On the 
cranial surface of the squamous there are several radiating farrows 
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which radiate from the cranial opening of the post-glenoid fora- 
men. These lodge small veins, some of which lie below the 
Gasserian ganglion and are continued medially to drain the 
cavernous sinus. From the post-glenoid foramen there is con- 
tinued backwards a small channel which becomes converted into 
a canal by the junction of the parietal and petrous temporal. 
This channel, running along the articulation, opens into the 
lateral sinus. It transmits a large vein. 

The petrous temporal forms a triangular pyramid within the 


Tcxt-iigure 7. 



Lateral view of the skull. 


F. Frontal bone. M. Malar bone. K. Ethmoid hone. L. Lachrymal ]»onp. N. 
Nasal bone. P.Mx. Premaxilla. Mx. Maxilla. Pty. Pterypoid plate. O, 
Occipital hone. P. Parieral bone. G.W.S. Great wiiijf of sphenoid. F.E.V. 
Foramen for emissary vein. E.F. Anterior ethmoidal foramen. L.F. 
Lachrymal toramen, l.O.F. Inferior orbital foramen. K.A.M. External 
auditory meatus. 

cranium. One of the surfaces looks anteriorly and laterally, the 
other inwards and posteriojly. The tliird surface is not seen 
within the cranium. The anterior and posterior or postero- 
medial surface meet along a sharp crest wliicb commences at the 
apex of the petrous and ends near the lateral wall of the skull. 
Along this crest is attached the tentorium cerebelli. 

The bulla is described later (p. 620). 

Parietal Boiies , — The parietal bone articulates in front with 
the frontal bone, below with the latei’al edge of the great wing 
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of the sphenoid, the squamous temporal and the posterior edge 
of the occipital. Medially the two parietal bones meet along the 
middle line. The lambdoidal suture is horizontal and runs along 
the summit of the nuchal line. The articulation of the great 
wing of the sphenoid with the parietal is about four millimetres 
in length and shuts off the squamous temporal from the frontal. 

The Occipital Botie is described as consisting of four parts — 
the supra-, basi-, and the two ex-occipitahs. The divisions between 
the se s erai parts disappear at a very early age. The supra- 
occipital is a large i’an-8ha,])ed plate of bone which articulates 
above with the parietals. In the middle line a small spur of 
bone passes upwards above the nuchal line and between the two 
parietals for a short distance. From this spur to the posterior 
border of the foiainen magnum tliere is a well-marked median 
ridge (much more accentuated in Midas), Qlie nuchal line 
extends laterally from tlie lambda along the lambdoidal suture to 
the asterion, where it is continuous with the mastoid portion of 
the lino and is continued through this ridge or crest to the 
posterior or supra-meittal root of the zygoma. Below the nuchal 
line there are well-marked muscular iinpressions. The area for 
the com[)lexu8 is very large and approaches closely the foramen 
magnum. Tiie area for cho superior oblique is only slightly 
smaller than tlie area for the c-omplexus On the inner surface 
of the supra-occipital three? shallow de[)res.sions are seen for the 
lodgement of the cercihellum. On the lateral edge of the bone 
are seen two well-marked grooves which prtss downward and 
forwards to tlie jugular foramina. The foramen magnum lies 
well beliind the junction of the anterior two-thirds with the 
posterior third of the skull. It is almost cii-cular, being but a 
millimetre (or two, in one specimen) more in the transverse than 
in the antcro-posterior diameter. With the skull fixed in the 
Frankfurt plane, the jdane c»f the fox*amen magnum faces 
downwards and backwards, making an angle of about 30 degrees 
with the Frankfurt plane. Tlie condyles lie mainly in front of 
the greatest transverse diameter. 311011* convex surfaces are 
divided into two parts— an anterior two-thirds, which faces 
ontwanls and downw’ards, and a posterior third, which faces 
almost <lirectly backwards. The anterior edges of the condyles 
are separatetl by a distance equal to half the transverse diameter 
of the foramen. 

The bfisi-occi})iit is prolonged forward between the two bullae, 
becoming gradually narrower until it meets with the ba, si- 
sphenoid. Sometimes a small foramen is seen between the t^wo 
bones. This is the cranio-pharyngeal ca,nal. 

The condyloid foramen is almost hidden by the large condyles. 
It is always single. The jugular foramen consists of two parts — 
the anterior, which is often single but may be subdivided into 
three foramina (an anterior, which transmits the inferior petrosal 
sinus, and a medial and laterabfor the passage of the IXth, Xth, 
and Xlth cjranial nerves), and the posterior compartment for the 
transmission of the lateral sinus. 
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The Sphenoid bone consists of a body, a great and a lesser wing, 
and the pterygoid laniiuie. Tlie body in young specimens con- 
sists of two parts — the pre- and the post-sphenoid separated by a 

Text-lignre 8. 



Occ 

Tlif* ventral view of tlic skull. 


E.A.M. External anditoi^* meatus. E.Pt.P. External pterygoid plate. F.E.V. 
Foramen for emissary vein. F.L.P. Foramen lacerum posticum. F.O. 
Foramen ovale. G.W.S. Great wiiij? of sphenoid. I.Pt.P. Internal pterygoid 
plate. Mast. Mastoid region of the temporal hone. Mir. Malar bone. Mx, 
Maxilla. N.P.F. Naso- palatine foi*amen, O.T.F. Orhito-temporal foramen. 
Occ. Occipital bone. Occ.C’y. Occipital condyle. P.L. Palate bone. P.P.F. 
Posterior palatine foramen. Part. Parietal bone. P.G.F. Post-glonoid 
foramen. Temp. Temporal bone. 
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thin plate of cartilage* The shape of the body in the adult is 
a thin rod which carries on its lateral aspects the two wiiigs. 
The pre-sphenoid and the lesser wings are fused together at an 
early age. In front this composite bone articulates with the 
frontal within the orbitiil cavity. From the median plane of 
the bone a thin septum passes downwards — the septum of the 
pre-sphenoid described by Wool lard in Tarsius, This plate of 
bone forms a considerable portion of the medial wall of the 
orbital cavity, hence the two cavities in this region are separated 
from each other by this thin plate, a condition which is identical 
'Nvith that in Tarsius. 'J’he septum is overlapped laterally for a 
short distance by the orliital plate, which shuts part of tlie 
septum from the medial walls of the orbit. Below', it articulates 
with the vomer. The ethmoidal septum lies in front of tlie 
sphenoid and forms the ii]»p(‘r half of tlie nasal septum in 
the auteiior part of tlie nasal cavity. The root of the lesser 
wing is perforated by the optic foramen, which is separated from 
the superior orbital fissui'e by a thin bony bar. The lateral 
extremity of tlu^ lesser wing is shut off from contact with the 
antiiro-iuferior angle of the parietal }»one by a small spur of bone 
from tlie frontal. This spur is perforated by a foramen which 
is often double. Tlie foramen trauMiiits rnoniugeal vessels from 
the orbital cavity which ramify over the lateral surface of the 
cranial cavit} . Along its |w>sterior lioider the lesser wing articu- 
lates with the great wing from the superior orbital lissure to the 
lateral extremity of the small wing. 

The great wing foims the lloor of the tempox*Jil fossa of the 
cranial cavity and the posterior third of the lateral w'all of 
tlie orbit. Anteriorly it is in contact with the malar for a 
short distance as far as the upper edge of the inferior orbital 
fissure. J^isteriorly the wing articulates with the squamous 
temporal as far as the lateral margin of the foramen ovale. The 
wing from the foramen ovale to the middle line is deeply noUdied 
for the reception of the apex of the petrous temporal, which is 
carried forward to terminate in a serrated edge near the body of 
the sphenoid. The exact pattern is seen in text-ligure 8. The 
great wing takes part in the formation of tw'o foramina — 
the foramen ovale and the superior orbital fissure, which are 
formed at the articulation of the wing with the petrous temporal 
and the lesser wing respectively. Tlie wing is perforated by the 
foramen rotundum below the superior orbital fissure. A deep 
groove lies on the lateral side of the body at the junction of this 
with the great wing. Anteriorly the groove terminates at the 
foramen rotundum, and apparently the groove lodges Uie maxillary 
division of the trigeminal nerve. The foianien o\ale described 
above transmits tlie middle meningeal artery and the third 
division of the trigeminal nerve. Hence the foi'amen is properly 
the foramen ovale cum spinosum. The meningeal artery is very 
small. 

The body of the sphenoid is narrow and shows a shallow 
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Text-figure 9. 



D.C 

Internal view of the base of the skull. 


01.F« Olfactory foramen. O.F. Optic foramen. F.R. Foramen rotunduui. P.P, 
Pituitary fossa. F.O, Foramen ovale. I.M.A. Internal auditory meatus 
D.C. Depressions on occipital hone for cerebellum. I<\M. Foramen maginim. 
F.L.P. Foramen lacerum posticum. T.S. Transverse sinus. I.P.S. Inferior 
petrosal sinus. P.T. Petrous temporal. Sq.T. Squamous temporal. P. 
Parietal. G.W.S. Great wing of sphenoid. L.W.S. Lesser wing of sphenoid. 

depression for the reception of the pituitary gland. The body 
is made up of a mass of fine cancellous bone covered with a thin 
layer of compact tissue. Tliere is no sphenoidal sinus* 
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The pterygoid laminae spring from the inf^ior surface of the 
great wing. The lateral lamina is large and closely applied to its 
medial surface is the medial plate, which is very small. The 
pterygoid fossa is very shallow. Posteriorly the lateral lamina 
terminates well in front of the foramen ovale. In front it 
articulates witli the palate bone. The line of articulation is 
vertical and aj)peai*8 to ternuuate in the region of the orbital 
opening of the foramen rotundum. 

The Ethmoid hone consists of a medial plate and two lateral 
plates. The medial plate forms part of the septum of the nose. 


Text-figure 10. 


E. L 



The inetlial wall of the orbit. 


L. Lachrymal. N. Nasal. P.M. Pre-maxilla, L.F, Lachrymal foramen , l.O.P, 
Infra-orbital foramen. Alx. Maxilla. Pal. Palate. Pty, Pterygoid. F.O, 
Foramen opticum, S O.F. Superior orbiUil fissure. K. Ethmoid. 

At its upper border it joins the lateral laininse. hut im cribriform 
plate is formed, nor are any cells developed in the bone. The 
olfnctory foramen is a single opening winch is directed anteriorly 
and downwards. The lateral lamime form part of the medial 
walls of the orbits and articulate in front with the lachrymal 
and posteriorly with the orbital plate of the p>ilate, The orbital 
or lateral plate of the ethmoid also forms part of the lateral wall 
of the nasal cavity. The relations of the bone are clearly seen in 
text-figures 10, 11 & 12. 

Palate Bone , — This bone consists of two parts—- a vertical and 
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a horizontal plate. | The vertical plate lies almost entirely within 
tlie orbital cavity. There it is in contact with the septum of the 
pre-sphenoid and so forms part of the medial wall ot the orbit. 
It passes downwards and laterall^^and forms the medial boundary 
of the infei’ior orbital fissure. Below the fissure the bone is 
carried downwards a short distance into the pterygoid fossa and 
forms the medial wall of this space, with tiie lateral pterygoid 
plate of the sphenoid. The two orbital plates of the palate 
approach each other above and are only separated by the thin 
septum of the pre-sphenoid. From its inferior part the hori- 
zontal plate of tin* palate springs out to form the 2 )osterior third 
of the hard palate. I he two horizontal plates articulate and are 
prolonged posteriorly into a well-marked posterior palatal spine. 
The articulations liM\eheen mentioned already in the descriptions 
of the other cranial hones. 

The Suj)e7U0}^ Maxilla forms the medijil two-thirds of the 
inferior border of the orbit and tlie inferior half of the medial 
border. Laterally it articulates with tlie malar, medially with 
the yu'e-maxilln, nas.al, and lachrymal. 8uperioi' to the frontal 
process of the maxilla the nasal and lachi vmal articulate, so 
shutting oft* the frontal from articulation with the maxilla and 
allowing the lachiymal to take part in tlie formation of the 
medial bor<ler of the orbit. The maxillary nerve is <iontainod 
within a bony canal which commences at the anterioi* boundaiy 
of the inferior orbital fissure and emerges on the face at the infra - 
orbital foramen. The infra-orhital fonmien may ho double, it 
it not uncommon to find tliat the inferior orbital fissure is divided 
into two parts by a botiy bridge formed by the articulation of 
the malar and the superior maxilla, ft'he anterior part is small 
and opens directly backwards into the temporal fossa. 

The maxillary antrum is small and does not; extend more 
laterally than the medial edge of the canine tooth, 'the roots 
of the premolars and the molars lie in relation to the floor of the 
orbital cavity. 

The is small. It beai-s the four incisor teeth of 

the upper jaw. The tw'o halves are fused in the middle line. 
The bone is prolonged upwards into two thin processes wdiich 
articulate above wdtli the nasals and posteriorly witli the maxillae. 
The pi'e-maxilla thus forms the whole of the floor aud the lower 
half of the lateral wall of the bony anterior naves. Tlje ai ticu- 
lation between the pre-maxilla and the maxilla is continued on 
the hard palate ftom the diastema between the lateral incisor 
and the canine to the anterior palatine foramina, which are very 
large. 

Nasal Bones are small flat plates of bone which articulate with 
each other for more than half their length in the median plane. 
Above they are in contact with the frontal, and posteriorly with 
the lachrymal and the superior maxilla. 

Lachrymal bone^ — This is a small quadrangular bone lying on 
the medial wall of the orbit and extending downwards on to the 
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floor internal to the inferior orbital edge. The bone is almost 
entirely within the orbit, only a small portion emerging on the 
face to articulate with the nawil bone. The opening of 
the lachrymal duct is well within the margin of the orbit. 

Vomer , — The vomer is a thin lamina which forms the posterior 
part of the bony nasiil septum. Above it ai*ticulates with the 
ethmoid and the pre-sphenoid, and below with the palatal crest 
along the upper surface of the hard palate. In front it joins the 
septal cartilage. Its relations are seen in text* figure 12. 

Nasal Turbinate Bones , — These ai*e described in detail in the 
description of the nasal cavity. 

The Orbital Cavity, 

The orbital cavity is shaped like a cone with the base at 
the anterior opening and the apex at the optic foramen. The 
anterior opening is slightly flattened along the mesial portion, 
and the edges of the opening, with the exception of the mesial, 
are slightly inflected. Laterally the malar bones are bowed 
out to form the major part of the lateral wall. This wall 
(Mirves gradually medially to pass into the floor of the cavity. 
The malar ends at the lateral edge of the inferioi- orbital fissure, 
and in front it articulates with the superior maxilla. The inferior 
orbital fissure is covere<l by a thin membrane which is continuous 
with the periosteum of the hones forming the boundaries of the 
opening. 'Phe medial wall and the medial part of the floor are 
f(>rme<l by the following bones: the superior maxilla, the lacbr}^- 
mal, the ethmoid-lattnul plate, the septum of the pre- sphenoid, 
the palate, and the main mass of the pre-splienoid. 'I'he posterior 
third of the lateral wall is formed hy the great wing of the 
sphor»oid. 'I'lie aju'x of the cavity is formed by the lesser wing, 
which is perforated by the optic foramen. 

The optic fonunen is oval wdth its long axis directed down- 
w^ards and medially. Tt is the largest foramen leading from the 
cranial cavity wdth the single exception of the superior orbital 
fissure. The superior orbital fissure is drop-shaped, wnth the 
point directed above a.ud externally. Its upper boundary consists 
of the lesser wing of the sphenoid, and the low’er boundary is 
formed by the great wing. 

Lying belovr the suj>erior orbital fissure is a small circular 
operiitig — the foramen rotunduin. This foramen lies outside the 
orbital cavity in the recent state, as the membrane wdiich closes 
over the inferior orbital fissure is continued backwards as far as 
the inferior edge of the superior orbital fissure. 

The inferior orbital fissure is a narrow slit-like cleft running 
from the postero-inedial angle of the cavity towards the antero- 
lateral. From the anterior end of the fissure the infra-orbital 
canal commences, and, running straight forwards, it opens on the 
face at the infra-orbital foramen. 

The lachrymal canal passes downwards between the lachrymal 
and the frontal process of the superior maxilla and opens into the 
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nasal cavity below the inferior turbinate bone. The ethmoidal 
foramen is situated at the articulation of the frontal and the 
lateral plate of the ethmoid. It is directed upwards and medially. 
It transmits an artery from the ophthalmic artery, which supplies 
the nasal mucous membrane of the lateral wall in its upper half 
and a small area of the nasal septum. On the lateral wail, where 
the tip of the great wing of the sphenoid articulates with the 
frontal, is a foramen which transmits an artery and vein. These 
are meningeal arteries and supply the menitiges over the antero- 
lateral part of the cranial wall (Mensa). On the lateral wall the 
small zygomatic foramen opens lateral to the anterior end of 
the inferior orbital fissure. 

The floor of the cavity is in part formed by the superior 
maxilla, which is not expanded much in depth, hence the roots of 
the premolars and molars lie close to the floor of the orbit. The 
maxillary antrum is very small and lies entirely in the lateral 
wall of the nose and hardly penetrates laterall}*^. 

Nasal Cavity, 

The nasal cavity lies well in front of the anterior limit of the 
cranial cavity. A line passing vertically downwards from the 
posterior edge of the olfactory foramen divides tiie nasal cavity 
into two parts — an anterior five-sixths and a posterior sixth. 
The posterior portion is a tubular connection between the main 
nasal cavity and tl)e pharynx. Hence, in this respect there is a 
condition which is exceedingly primitive, and Fischer’s remarks 
on the cranium of Tarsim^ which presents a similar arrangement, 
may be applied to Hapale — that the condition closely resembles 
the reptilian arrangement. His conclusion tiiat this pushing 
forwards of the nasal region is due to the enlargement of the 
orbits is probably true, for, altbougli in Hapale the orbits are not 
enlarged to the degree seen in Tarsias, yet the medial walls of 
the cavities for the eyes are for a consideiable extent composed 
only of the pre-sphenoid septum — a condition identical with that 
of Tarsias, 

The main part of the nasal cavity is very narrow from side to 
side, and the lateral and medial walls lie almost parallel to each 
other. Into the cavity project three turbinate bones — superior, 
middle, and inferior. The superior turbinate is a thin crescentic 
plate of bone. It commences immediately posterior to the 
olfactory foramen and passes downwards and backwards to 
the junction of the tubular posterior nares with the nasal cavity. 
It is covered with olfactory epithelium. The middle turbinate 
bone is a thin triangular plate attached to the lateral wall imme- 
diately in front of the superior turbinate. It has an upper angle 
which lies immediately below the olfactory foramen, a posterior 
angle which extends for a short distance into the tubular nares, 
and an anterior angle which is free and projects forwards towards 
the anterior nares. The inferior turbinal consists of a thin plate 
of bone attached to the lateral wall along the antero-posterior 
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axis of the cavity. It extends forwards a little beyond the 
amterior limit of the middle turbinal, and backwards as far as 
the posterior angle of the middle turbinate bone. 

The lateral wall is composed of the superior maxilla, the eth- 
moid, and the palate bones ; the roof of the nasal bones and the 
medial plate of the ethmoid. In addition to these bony struc- 
tures the lateral wall is formed anteriorly by the alar cartilages, 
which are attached behind to the nasal bones. 


Text- figure 11. 



The lateral wall of the iiaaal cavity. 

Eth. Ethmoid. F. Froatal. F.S. Frontal einue. I.T. Inferior turbinal. M.T. 
Middle turbinal. P.Sp. Presphenoid. Pt. Pteryjfoid. O.P. Olfactory 
foramen. S.T. Buperior tarbinal. 

The septum is shown in text>figure 12, and from this the rela- 
tions and the arrangement of the various structures can be seen. 
The alar cartilages bend inwards and at first have a considerable 
interval between them which is occupied by fibrous tissue. As 
the cartilages are traced backwards the medial parts of the carti- 
lages approach together and eventually fuse in the middle line to 
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form the perpendiculnr or septal cartilage. Behind, this cartilage 
is attached to the ethmoidal part of the septum and to the anterior 
edge of the vomer, and above to the articulation of the nasal 
bones. The bony septum is continued backwards as far as the 
posterior palatal spine. Posterior to the anterior palatine foi’a- 
mina lie the organs of Jacobson. In their arrangement they 
closely resemble tliose of Tarsi, us. The naso-palatine ducts are 
very minute. No month opening can be determined in any of 
the specimens examined in a fresh state. The ducts incline 
upwards and backwai'ds to reach the nasal cavity in the region of 
the anterior end of the vomer, where it articulates with the crest 
along the superior maxilla. 

Woollard, in his description of the nasal cavit}*^ of Tarsins 
(p. 1084), points out the peculiar arrangement of the ethmoid 

Text-figure 12. 



The medittl wall of the nose. Semi-dia}:^raian)atic. 

P. Palate, horizontal plate. V. Vomer. E. Ethmoid. N. Nasal bone, cut. C.S. 

Cartilaginous septum. P.S. Fibrous septum. P.M. Preraaxilla. M. 

Maxilla. 

and the part it plays in the formation of the nasnl cavity. It is 
of interest to compare the ethmoid of Hapale with that of Tarsms^ 
for the structure appears to be identical. The hone consists of 
three perpendicular plates of bone lying almost parallel to each 
other. Above, they are fused together posterior to the olfactory 
foramen, and for a short distance there appears a small central 
mass within the anterior fossa of the cranial cavity. Woollard 
mentions that in Tarsias this does not take place. The medial 
plate is articulated to the anterior edge of the pre-sphenoid and 
lies in a groove formed by two small ridges along the anterior 
edge of the sphenoid. This plate is quadrangular and very thin. 
The lateral plates are also quadrangulai*, but are not drawn out 
as in Tarsius, They are more compressed antero-posteriorly. 
They overlap the septum of the pre-sphenoid for a short distance 
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Oil the medial wall of the orbit. In front they articulate with 
the laclirymal, and above witli the frontal. Posteriorly the plate 
meets the palate, and below it lies in contact with the superior 
maxilla. 

The tubular choanie commence immediately below the antero- 
inferior angle of the pre-sphenoid and are much shorter than in 
Tarsiiis* The lateral wall is made up by the medial pterygoid 
plate, the palate, and the lateral plate of the ethmoid. The 
palate is continued upwards lateral to the tubular choanie, and 
lies lateral to and overlapping for a short distance the sphenoidal 
septum. 

Jt is impossible to regard the arrangement of the nasal cavity 
as anything else than a close approximation to the Tarmus con- 
dition. There have been minor changes, but these are easily 
explained by the great clifierences in the size of the eyes and the 
enlargement of the orbits noted in Taraius, This supports 
the view that in Hajyale the nasal organs are reduced a stage 
furtlier than in Tarskis and that the changes in the region are 
closely associated with a retraction of the muzzle. 

Cranial Foramina. 

The olfactory foramen is single. There is no cribriform plate 
of the ethmoid. The foramen faces downwards and forwards, 
Tlie crista galli is very thin but well marked. 

Tiie optic foramen has been <lescribe(l above. 

The superior orbital foramen transmits the third, fourth, sixth, 
and the ophthalmic division of the fifth nerve. There is no 
separate foramen for the thinl nerve as in I'arsius. 

The foramen rotundurn is situated below the superior orbital 
hssure foramen. It is almost circular. There is a short canal 
for the transmission of the maxillary division of the fifth nerve. 

The foramen ovale is almost as lai’ge as the optic foramen, and 
in some specimens it is slightly larger. It transmits the small 
middle meningeal artery and the third or matidibular division of 
the fifth nerve. It is really the foramen ovale cum spinosum. 

The internal auditory meatus is large and transmits the seventh 
and eighth nerves and the internal amlitory artery. It lies 
medial and inferior to the fossa, for the para flocculus. 

The jugular foramen transmits tlie ninth, tenth, and eleventh 
nerves as well as the inferior petrosal sinus and the lateral sinus. 

The condylar foramen is usually single. The hypoglossal neiwe 
may pass through it in two or three Alia which perforate the 
dura mater separately. Fieandt has investigated the method of 
formation of the hypoglossal nerve in most mammals including 
Hapale. 

The post-condyloid foramen is absent. 

Venous sinuses. 

The superior longitudinal sinus terminates in the region of the 
lambda by dividing equally into two small channels which pass 
Proc. Zooii. Soo. — 1927, No. XLl. 41 
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laterally along the lambdoidal suture to reach the posterior part 
of the petrous temporal, where they terminate by entering into 
the large lateral sinus. There is a small occipital sinus which 
commences in the region of the foramen magnum and enters the 
superior longitudinal sinus at its bifurcation. 

The lateral sinus is formed by the junction of the lateml branch 
of the superior longitudinal sinus witli a large sinus, which arches 
over the lateral extremity of the petrous temporal and is partly 
embedded in the articulation of that bone with the parietal. 
This siipra-petrous sinus terminates at the cranial opening of the 
post-glenoid foramen. A large vein passes out through this 
foramen ami forms the external jugular vein. Into the anterior 
extremity of tiie supra-petrous sinus several small veins terminate. 
These drain the floor of the temporal fossa. One of the veins 
passes posterior to the foramen ovale and joins the cavernous 
sinus, but this connection is very small. 

The cavernous sinus occupies its usual position and is drained 
posteriorly into the inferior petrosal sinus, wliich passes out 
through the jugular foramen as a separate vein joining the 
internal jugular vein immediately outside the skull. 

The anterior cranial fossa and the lateral cranial wall are 
drained by a system of small veins which converge on the foramen 
at the tip of the great wing of the sphenoid where the latter 
articulates with the frontal bone. A large vein is formed wliich 
drains into the orbital cavity. A connection is found between 
the anterior system and the system of veins draining into the 
post-glenoid foramen. 

The whole arrangement appears to be a very primitive one and 
is associated with the fact that there is a very minute middle 
meningeal artery. T do not propose to give these veins any 
definite names as I have not yet found complete references to the 
condition in other animals. The general arrangement is similar 
to that in described by Le Gros Clark (1926 

On the anterior aspect of the petrous temporal medial to the 
post glenoid foramen a small vein emerges which runs medially 
to join the cavernous sinus. This may be the meningeal vein 
which accompanies the stapedial artery. On the other hand, it 
may be that it is a very minute stapedial artery, although on 
dissecting the carotid canal very carefully in the specimen in 
which it was seen — a dried skull — there was no trace of a foramen 
on the wall of the carotid canal through Avhich a stapedial artery 
may have passed. 

The Auditory Bvlla. 

The bulla is a conical structure with its apex lying near the 
apex of the petrous temporal and with a rounded base which is 
situated more laterally than the apex. The long axis is therefore 
at a slight angle to the basi-cranial axis. The angle between the 
long axes of the hvXlm is about 45 degrees (text-fig. 9). It is 
divided by a shallow groove on the inferior surface into an 
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anterior and a posterior part. This groove runs laterally from 
the foramen for the internal carotid artery and inclines forwards. 
The groove is better marked in Midas than in Hapale. On the 
lateral side lies the external auditory meatus. The lateral 
boundary runs from the anterior edge of the external auditory 
meatus to a short distance posterior to the foramen ovale. In 
this part of its course the bulla lies close to the great wing of the 
sphenoid. It is marked off by a suture from the zygomatic part 
of the temporal bone. This suture lies posterior to the post- 
glenoid foramen. On tlio apex is the opening for the auditory 
tube ami the tenst)r tympani muscle. This opening lies posterior 
and slightly me<lial to the f<»ramen ovale. The bulla is pi^olonged 
forwards medial to the foramen ovale into the tip of tlie petrous 
temporal, so forming n distinct notch between the great wing of 
tlie splumoid and the basi-sidienoid. Tlie apex does not reach 
foi'ward to the pterygoid plate. The medial border lies adjacent 
to tlie basi- sphenoid and the basi-occipitfil. At the posterior end 
of the border lies the foramen lacerum posticum, which is bounded 
laterally by the bulla and medially by the ex-occipital. The 
posterior edge or base fades gradualljMnto the mastoiil portion of 
the teinpoi’al. At the lateral part of the base close to the 
posterior limit of the external auditory meatus lies the sterno- 
inastoid foramen. The foramen lacerum medius is absent. The 
external auditory meatus is large and the tympanic ring is 
expanded and fused with the bulla, making it impossible to 
determine the actual limits of the two parts. Thei’e is no mastoid 
process, but the area mastoidea is large. 

Van Campen has described the internal structure of the bulla 
in Midas rosalia^ the closely -allied species to Hapale, There are 
no differences between his description and my findings. When 
the inferior wall of the bulla is removed, the bulla is seen to 
consist of an iintero-medial and a postero-laberal division divided 
off from each other along the line of the groove described on the 
inferior surface. The antero-medial is shut off from the postero- 
lateral compartment by an almost complete bony septum. The 
antero-medial division consists of a. mass of small air-cells — the 
cellulie petrosaj. The postero-lateral conjpartment is the middle 
ear or the tympanic cavity. The tympanic cavity may be 
described as a, room three times as long as it is broad and with a 
height equal to twice the width. The anterior end is funnel- 
shaped, and leads up into a rounded canal which has on its medial 
wall a small ridge which partially divides the canal into an upper 
portion for the tensor tympani muscle and a lower for the 
auditory tube. The ridge is carried to the lateial wall by a 
fibrous sheet in the recent state, so dividing ofl[’ the tube from 
the muscle. The medial wall has a small foramen lying medial 
to the opening of the auditory tube. This opening leads into the 
petrous air-cells and the medial wall of the anterior third of 
the tympanic cavity. The middle third of the cavity is more 
complex. On the medial wall a rounded projection is seen divided 

41 * 
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into an anterior and a posterior part by a shallow groove. This 
is the promontory. TI)e posterior part is formed by the first turn 
of the cochlea, and the anterior is caused by the more apical turns. 
There are probabl}^ three or two and a half turns in the cochlea. 
It was not found possible to determine this accurately without 
section of the bone. The lateral wall is defective, being covered 
by the tympinic membrane. The roof of this part of the cavity 
has a small almost circular opening leading into the epitympanic 
recess in which are lodged the heads of the malleus and the incus. 

Text-figure 13 
F.O. 


M. 

I. s. 

The auditory bulla diwected. The ventral wall has been removed. The bulla is 
feen to he divided into two parts by a bony septum. The postero-lateral 
compartment is large, but the anterior one ia broken up into Hinall cells by 
thin bony septa. 

P.O. Foramen ovale. A.M.C. Antero-medial compartment consisting of small air- 
cells. F.I.C. Foramen for internal carotid artery. F.L.P. Foramen lacernm 
post, subdivided into two by a thin plate of bone. M. Malleus. J. I ncus. 
8. Stapes. £.M.A. £.vternal auditory meatus. S. Septum. 

The long process of the malleus projects downwards and medial, 
and posterior to it is the stapedial process of the incus. On the 
medial wall lying above the bony projection caused by the first 
turn of the cochlea is an ovoid opening. The opening leads into 
a tubular canal, to the bottom of which the foot-piece of the 
stapes is attached to the membrane covering the fenestra oval is. 
There is no bony canal between the two legs of the stapes. 
Inferior to the canal leading to the fenestra ovale and slightly 
posterior lies the fanestm rotunda. Strictly speaking, the fenestra 
rotunda lies in the posterior third of the tympanic cavity. This 
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part of the cavity lies entirely posterior to the posterior margin 
of the external auditory meatus. On the posterior wall is a small 
foramen which communicates with the air-cells of the mastoid 
region. This foramen is not always present. 

The epitympanic recess is a very small cavity. Posteriorly 
and superiorly it has a relatively large foramen which pierces the 
tegmen tympani and opens into a small space which appears to 
be homologous with the antrum mastoidea. From this cavity a 
number of air-cells open out into the squamosal and the mastoid 
region. These air-cells are quite distinct from the air-cells in the 
anterior part of the petrous temporal. 

Tlie petrous cells which communicate with the tympanic cavity 
through the small foramen near the canal for the auditory tube 
penetrate anteriorly into tlie most anterior part of the petrous 
temporal and into tlie tegmen. Hence they form part of the 
cranial wall. The cells are continued posteriorly as far as 
the canal for the internal carotid artery, and thus lie on the 
medial side of the middle ])art of the tympanic cavity. 

The aii*-cells in the mastoid region are separate from those in 
the scpiarnosal. The squamosal cells, which are few in number, 
open separately into the small tympanic antrum near the foramen 
pneumiiticurn, which connects thewliole of the posterior group of 
air-cells with the tympanic cavity. The mastoid cells penetrate 
from the region of tlie antrum lateral to the horizontal semi- 
circular canal to reach the mastoid area. 

The Course of the Internal Carotid Artery, 

The internal carotid artery enters the petrous tern poral through 
a large foramen situated on the medial wall of the bulla. This 
foramen lies on the transverse plan© connecting the mid-points of 
the two bony external auditory meatuses. It lies anterior to the 
po.sterior lacerated foramen. The foramen corresponds to the 
most posterior limit of the petrous air-cells, and is thei’efore at 
the posterior edge of the septum separating these cells from the 
tympanic cavity. It is also immediately anterior to the most 
anterior part of the labyrinth in tliis region, wliich is the first 
turn of the cochlea. Passing upwards, the artery lies in a canal 
situated in the bony septum descrilTed above, and then turns 
forward at the level of the foi-amen connecting the petrous air- 
cells with the tympanic cavity. The artery ©merges at the apex 
of the petrous temporal near the posterior clinoid process, i^he 
whole course is in a vertical plane which is inclined to the median 
plane of the skull at an angle of about thirty degrees. There is 
no stapediiil artery. 

Formation of the Bulla , — I have not been able to secure a 
specimen young enough to show the exact limits of the tympanic 
and the petrous parts of the temporal bone in the formation of 
the bulla. Yan Campen suggests that the whole of the lateral 
wall is formed by the expanded tympanic, and that also in the 
region of the external meatus the tympanic expands inwards to 
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fonn a considerable part of the floor of the middle part of the 
tympanic cavity. 

Fucial Canal , — The facial nerve is enclosed in a complete bony 
canal. The canal passes laterally for a short distance from 
commencement within the deep fossa of the internal auditory 
meatus. It then makes a l ight-angle bend in the same liorizontal 
plane, and passes directly backwards over the fossa for the para- 
flocculus of the cerebellum. It then passes downwards in a 
vertical direction to reach the stern o- mastoid foramen. The 
stylo-mastoid foramen is situated posterior to the external auditory 
meatus and a short distance medial to this opening. The foramen 
marks the most posterior limit of the tymj^anic cavity and the 
most anterior part of the mastoid air-cells. 

Andiiory Ossicles, 

The work of Doran on the aiiditor}'^ ossicles (1871) included an 
account of those of llajjale. He mentions tliat ho found several 
small dilierences in the form of the ossicles in dillerent species of 
llupale, 1 have examined the ossicles in seven species of Ilupale 
and in ten individuals of llapale jacchus. The difl'erences he 
notes as taking place in dillerent species are to be seen within 
file confines of a single species. His summary contains all the 
infoimiation wiiicli is of importance in this study. 

“ The malleus of Jlapale is intermediate bet ween that found in 
the Cebida? and the -Sycticeboi<l Lemurs. Tlie articular surface 
is always narrower and deeper in 11 apt U, and the whole body is 
bent more inwards on the inanuhrium. The head is no longer 
vertically than in SycticeJms, The body of the incus is s(piarc 
in Hapah jctcchxis^ but in II. mclanura it is high and narrow as in 
Nyctipithecus. 

TJ)e stapes has a long head, or rathei* tlie crura are fused half 
way to their insertion, wlmre they suddenly diverge towards the 
base. In this respect tlie}' are very like the marsupial cfuidition, 
where the crura are not fused throughout. Hence in Hapah 
there is found the lowest type of ossicle in all the Primates. 

“ Tliere is no neck to the malleus, hut this is due to the bending 
down below the articular surface of the head, which actually lies 
in the axis of the manubrium.” 

The Mandible, 

The two halves of the mandible are fused at tlie symphysis. 
The horizontal ramus is relatively deep. It makes an angle with 
its fellow of the opposite side of about 45 degrees. The mental 
foramen lies opposite the root of the first premolar tooth. 
Posteriorly the mandible is produced out into a rounded angle. 
In Midas the angle is produced into a point near the iipper limit 
of the angular region. The two angles are inflected slightly, and 
are also carried inwards for a short distance to produce a fossa 
for the insertion of the pteiygoideus interniis muscle. The 
horizontal ramus meets the ascending ramus to form an obtuse 
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angle. Hence the anterior edge of the ascending ramus passes 
slightly backwards. The coronoid process is directed posteiiorly 
and upwards, and is separated by a wide, shallow groove or notch 
from the condyloid process. In Midas the coronoid process is 
deeper an<l less wide. The condyloid process forms a convex 
oval-shaped surface whose long axjs is directed slightly posterior 
and medially. The axes of the condyles make an angle of about 
120 degrees with each other. 

The opening of the inferior dental canal is on a level with the 
upper level of the alveolar margin and directly under the midtile 
of the notch of the as(‘ending ramus. In Uapale the lingula is 
absent, hut in Midas a Avell-nuirked process is seen. 

Teeth. 

The dental formula of all the Hapalidae is 

2 13 2 

2 1 3 2’ 

On the rt'duction of the molars from three to two, Bolk has 
brought forward a theory to derive the Old World forms from an 
ancestor akin to the Ilapalidse. The theory has been discounted 
on embryologieal and otlier grounds, and is not accepted. The 
signiticance of the absence of the last molar has been variously 
interpreted, but there seems to he little doubt that Uapale has 
carried the reduction of the third molar to a stage further than 
is seen in other living Primates. Gregory regards the atrophic 
nature of the third molar as a piiiniti\e Primate characteristic, 
and has noted that in some of the fossil forms from the Eocene 
this condition of molar reduction is suggested. 

'J'he teeth of this animal have been described in many books, 
and it would be superfluous to add yet another description to the 
literature. It will be enough to quote tlie words of Gregory 
(1922) in his book on the evolution of the human dentition 
(p. 228 and p. 230) 

“The molar series, both upper and lower, are more or less 
retrogressive in size and probably also in the form of the crown. 
Starting with ijciipiihecus^ of the Cehidie, and passing to the 
Tamarin {^Seniocebns) and the other genera of the Hapalidce, we 
may observe tmees of this retrogressive iirocess. In Xyctipithems 
the first upper molar, which in most mammals is conservative in 
form, retains the subquadrate contour which is ehamcteristic of 
tliis tootli in the other Cebidte ; but the second upper molar is 
reduced in size and subtriaugular in form, through the partial 
suppression of tlie postero- internal comer. Tiie tliird upper 
molar (in Xyctipithectis) is very reti’ogre.ssive, only the anterior 
moiety remaining, the posterior moiety being barely if at all 
represetited. Thei^palidai have canied this process much further, 
suppressing the third molars entirely and often reducing the 
second molars to a form quite like that of the third molars of 
Xyctipithecus, Even the first molans of the Hapalidae apparently 
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have shared in this genernl retrogressive evolution, for in Midas 
the rnetacones of the fiivst molars are reduced in size ; the hypo- 
cones are vestigial, a condition which, in view of the generally 
high grade of organisation of the skull of the animal and of the 
advanced development of the molars in many Eocene Primates, 
we may not safely regard as primitive. The loundness of the 
molar cusps and of the whole crowns is also a retrogressive 
chamcter in certain other phyla of the Primates, including the 
human phylum.” 

“ They are extremely progressive in tlie }>rogressive 

development of the upper canines.” 

Verteh'dl Column, 

The vertebral formula is as follows : — 

Cervical 7 

Tlionicic 12 or 13 

Lumbar 7 or 6 

Sacral 3 

Coccygeal 25 

The number of thoracic vertebrso varies even within tlie species 
liai^ale jacchus. The pi’e-coccygeal formula is identical with 
that of the Marsupials — Tupaia^ jWrs/i</S,and the Lemurs generally. 
The unstable character of the last thoracic vertebra, sometimes 
bearing a rib and sometimes becoming a lumbar vertebra, connects 
the Hapalidfe with the higher Primates. Some of the Cebidee 
liave a greater number of th ora co- lumbar vertebne than 11), but 
within the Hapalidne the number of thoraco-lumbar remains 
constant. 

The Allas , — The ventral aich is narrow and bears a median 
tubercle on the inferior edge. The articular surfaces for the 
occipital condyles are sharply marked oft’ posteriorly by a ridge 
which lies immediately in front of the foramen for the vertebral 
artery on the internal surface of the posterior arch . This .suggests 
a condition similar to that in I'arsius^ where the posterior ridge 
converts tlie posterior part of the articular surface into a gutter. 
There is a transverse ligament as in Man, and not a bony bar as 
in Ta^'sius, The transverse processes are flattened and face 
downwards and upwards. Close to the junction with the base of 
the articular process they are perforated by a foramen for the 
vertebral artery. Running dorsally from within the canal in 
the transverse process a canal passes backwards to open as 
described above. The dorsal arch carries no tubercle, but has a 
ridge along its inferior edge. The inferior articular surfaces are 
flattened and face inwards and downwards. 

The Axis , — The odontoid process is inclined backwards at a 
sharp angle with the body of tlie axis, 'When the axis is held 
horizontal the odontoid is tilted dorsally almost 45 degrees. The 
anterior aspect of the process is rounded and articulates with the 
posterior surface of the ventral arch of the atlas. This anterior 



THE COMMOK MAEMOSET. 


627 


articular surface is separated off by a groove from the articular 
surface for the inferior articular surfaces of the atlas. The 
inferior edge of the body of the bone is prolonged downwards 
into a sharp triangular process which overlaps a considerable 
portion of the body of the third cervical vertebra. The transverse 
processes are perforated by a foramen for the vertebral artery. 
The spine is large and compressed laterally. Its tip is bifid. 

The remaining cervical vertebrao possess the downward pro- 
longation of tlie inferior edge of the bodies. This process becomes 
gradually smaller as the seventh is approached. The transverse 
process consists of a thin plate of bone attached to the junction of 


Text-figure 14. 



B 

A. The atlas from uhovo. 

1). The axis. Aiitero-lateral view. 

the body with the lamina. It dividas into two parts — an anterior 
or costal part which is a process directed laterally and forwards, 
and a posterior which is directed almost straight backwards. 
The articular processes carrying the superior ai^icular facet face 
upwards and backwards. The spine is large. At its tip it is 
enlarged into a well-developed tubercle. The spines increa.se in 
size from the third to the seventh and are never bifid. They are 
directed doi’sally. In PI. I. the specimen used for this photo- 
graph had the third, fourth, and fifth spines broken off. 

The thoracic vertebrae number either twelve or thirteen. The 
anticlinal vertebra is the ninth. The spines of the first and 
second vertebrae are similar *to those of the lower cervical region, 
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but below this they become flattened from side to side and 
decrease gradually in height. The transverse processes in the 
upper part of the thoracic region are flattened and bear on 
their anterior surface a facet for the articulation of the rib. 
Posteriorly they form a slight tubercle. In the moi^e distal part 
of the thoracic region the posterior tubercle is elongated cranio- 
caudally and forms an upper process and a lower. Below the 
tenth the ribs do not articulate with the transverse process. 
The upper process is for the attachment of the cost-transverse 
ligament, and the lower for muscular attachments. The elevation 
on the anterior surface of the transverse process in the upper 
part of the region disappears entirely on the last t^\^o riV>-bearing 
vertehrfe, and on the one cranial to these the elevation on the 
transverse process is very small (10th T. Yert.). 

The lumbar vertebra number eiilier six or seven according to 
the number of ribs. The bodies of these vertebrae are elongated 
cranio-caiidially. On the anterior surface a well-marked ridge 
running in a cranio-cauflal direction is seen. This line is present 
in the lower five or six thoracic vertebiw, but is more marked in 
the lumbar region. Lying on either side of this ridge a small 
nutrient foramen is present. The transverse processes are thin 
plates of bone directed forwards and slightly latoially. They 
become wider as the lower members of the series are reached, aiid 
there they are prolonged into a superior process. The lamina) 
are broad and carry the superior and inferior articular facets. 
The superior articular facet is concave and faces backwards and 
medially. The inferior facet is convex and faces laterally and 
forwards. A.nterior to the articulation of the superior and inferior 
facets on the lamina) there is a well-marked posteriorly-directed 
process arising from the posterior edge of the lamina. This 
process is largest in the 17th thoraco-lumbar vertebra, and 
decreases in size in the anterior members of the series. In the 
18th vertebra it is small, and in the 19th is absent. The neural 
spines are large, flattened from side to side, and are enlarged at 
their tips into an oval tubercle. The mammillary process of the 
superior articular processes are well maiked in the last three 
thoracic vertebra and in all the lumbar series. 

The sacral vertebrae are three in number and are fused together 
into a single bone. The articular area for articulation with the 
ilium is composed almost entirely by tlie transverse process of 
the first sacral vertebrae, the second vertebra taking but a small 
share in the formation of the joint surface, while the third is 
entirely excluded. The metapophyses lie close to the base of the 
neural spine and medial to the foramina. Two foramina are 
seen — a small anterior between the first and second vertebrae and 
a large posterior between the second and third. The spines are 
short ; that of the first vertebra is directed forwards, while the 
posterior two are directed straight backwards. 

There are twenty-five tail vertebra), ^divided into three coccygeal 
and twenty-two caudal. The first three vertebrae in the tail 
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series are well developed, and difier from the remainder in that 
they possess transverse processes and neural arches. These 
coccygeal vertebree have short bodies which carry the flat laterally- 
directed transverse processes with a superior and an inferior 
tubercle. The superior auricular process carries a mammillary 
process. The neural arch is complete in all three vertebrte and 
terminates at the third vertebra. A haiinal arch was present on 
the last vertebra, but in the preparation of the skeleton the 
hsernal arches of the first and second were lost. The arch iii 
the third vertebra wfts a disc-shaped plate of bone attached along 
the inferior edge of the vertebra .and directed forwards. It was 
perforated by n small foramen. 

The I’ernaining tail vertebrao possess neither neural arches nor 
transverse processes. They have long cylindrical bodies enlarged 
at the anterior and posterior ends, where they articulate with 
each other. first of this series is sliort, the second slightly 

longer, while the third to the tentii are of almost the same length. 
From the eleventli to termination there is a gradual decrease in 
length. 

Vif.rves of the Vertebral Column, 

The cervical curve is concave backwards, but the depth of the 
curve is very slight. The thoraco-lum}>ar veitebrte form a 
continuous arch, concave ventrally. The sacrum is straight. 
The first three tail vertebrae are free to move considerably in a 
ventral direction, hut the dorsal fiexion is limited. Tlie remaining 
tail vertebne are fairly free to move in all directions. 

The Nibs. 

The ribs may number either twelve or thirteen. Tiie first rib 
is slender, and is compressed from above dc^wnwards. It articu- 
lates in front with the manubrium stertu* and behind with both 
the body and transverse process of the first thoracic vertebra. 
The remaining ribs are very slightly convex on the outer surface. 
The inner surface is divide<l in two parts — an upper convex and a 
lower concave. This gives the ril) the appearance of bearing 
a flange along its lower border. In this way the ribs lie closely 
together aiul the intercostal spaces are very narrow. Seven ribs 
reach the sternum. The eighth and ninth costal cartilages may 
fuse very close to the sternum, but do not reach it. The eighth 
is often fused with or applied to the under surface of the seventh. 
The tenth, eleventh, twelfth, and thirteenth (if present) are free. 

The Sternum, 

The sternum is made up of seven segments. The first, or 
manubrium, is broad above and narrows below. Laterally it is 
produced out to the place of articulation of the fi.rst rib. Above 
this point the clavicle is attached. Along the median plane in 
front there is a well-marked ridge for the attachment of the 
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pectoralis major. The five succeeding segments are dumb-bell 
shaped. The costal cartilages meet the sternum at the points of 
junction of the several segments. The fifth piece is shoi’t, and 
below it is joined to the xiphisternum, which is longer than any 
of the segments but much thinner. At its distal extremity it is 
expanded transversely into a cartilaginous plate. Parker states 
that the fifth segment is made up of two bilateral grains of bony 
tissue. This condition may occur occasionally, but I have not 
seen it. All my specimens show a well -developed fifth segment. 


Text-figure 15. 



The sternum and ribs. 


He also remarks that in the Marmoset the xiphisternum is the 
most expanded of all the Primates. (Text- fig. 15.) 

The Shoulder ^Girdle and Upper Extremity, 

The shape of the clavide is almost exactly that of the human 
clavicle. The sternal extremity is expanded downwards, so that 
in cross-section this extremity is almost triangular. To the 
anterior surface of this expanded area is attached the pectoralis 
major. The outer extreniity is flattened. Parker describes a 
specimen which had an ossific centre for the outer end which he 
calls the outer part of the raeso-scapuLar segment. I have not 
seen a specimen which demonstrates this point, but in one animal 
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there was a distinct mass of cartilage at the extreme lateral end 
of the clavicle which nmy ossify separately. 

The sca-piila is triangular. The outer surface is divided into 
two unequal portions by the thin bony spine of the scapula. 
The spine commences a considerable distance from the superior 
angle, and laterally is produced into the acromial process. The 
glenoid cavity is shallow and occupies the apex of the triangle. 
From the apex the coracoid process arises as a thin plate of bone 
which expands medially and is produced into a slender bar of 

Text-figure 16 . 



The bones of the shoulder-girdle and upper arm. 


bone. Lateral to this is a small tubercle for the attachment 
of the long head of the biceps. The coracoid assists in the 
formation of the glenoid cavity. The inferior angle of the scapula 
is rounded and is often cartilaginous. 

The humerus articulates with the scapula by means of the hemi- 
spherical articular surface of the head. The greater and lesser 
tuberosities are present. The bicipital groove ie wide and shallow . 
Its lateral border is sharp, and to it is attached the peotoralis 
major. Above, the ridge is continuous with the great tuberosity, 
while below it forms the medial boundary of the deltoid area. 
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This area is extensive, but it only extends along the shaft for 
about one-third of the length of the bone. There is no bony 
musculo-spiral groove. Below the deltoid area the two epi- 
condylar ridges become prominent and give the bone a flattened 
appearance. The lateral is more prominent, while the medial is 
more rounded. There is no epicondylar foramen. In this respect 
the bone difters from Taraim and all the Lemurs with the 
exception of Ferodicticus. The medial epicondyle is large, and on 
its posterior surface has a shallow groove. The inferior articular 
surface resembles that of Tarsvus. The ulnar portion is trochlear 
in shape. It extends upwards on tlie anterior surface, and above 
it is separated from tlie lower part of the humeral shaft by a very 
faintly- marked depression. On the posterior surface it is not far 
<listant from tlie eclge of the olecranon fossa. Tlie mdial articular 
facet is globular like Tarsius. Above, on the anterior surface 
there is a distinct fossa, while on the posterior sui-face the 
articular surface extends well above that for the ulna. The 
olecranon fossa is triangular in shape and its floor is very thin. 

The ulna is slightly longer than the humerus. The olecranon 
is large and possesses a large area for the attachment of the triceps 
muscle. The articular surface is deeply excavated to produce a 
distinct anterior and posterior ridge, along which is attacluHi the 
joint capsule. The surface of the bone for articulation with 
the radius is continuous with the semilunar articular surface. 
The former is a small area which lies more on the anterior than 
on the latenil surface of the bane. The shaft is slightly bowed 
backwards. The lateral surface of the shaft is concave, while the 
medial is convex. The posterior surface is narrow and convex. 
The shaft thins distally, but expands again to form its carpal 
extremity. On the inner side a small styloid process is formed. 
There is a small convex surface for articulation with the distal 
end of the radius. 

The radius is a much stronger bone than the ulna. It is bowed 
out laterally and gradually thickens as the distal end is reached. 
The bone is sliglicly flattened anterO' posteriorly. The head is 
expanded to form a disc-shaped plate of bone. The upper surface 
is concave for articulation with the humerus, and on its medial 
surface there is a wide area for the ulnar articulation. I'hese 
two Areas are continuous. The bicipital tubei'cle is rounded and 
relatively long in proportion to its width. Tlie lower extremity 
is large and has a considerable styloid process. On its palmar 
surface the extremity is smooth and slightly concave, while the 
dorsal surface is convex and grooved. The articular area is 
large. 

The carpus consists of nine bones. In their pattern they 
resemble Tarsius, but the proportions of some of the bones differ 
.slightly. The radius articulates with the scaphoid and the lunate ; 
the ulna with the cuneiform and the pisiform. The articular 
surfaces of these bones with the mdius and ulna shows that 
extension at the wrist can be effected to almost a right angle. 
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Flexion appears to be only slightly less. The first row articulates 
with the distal row" in the following manner : — the scaphoid with 

Text-fisrure 17. 



The bones of the foresim and hand. 

On. Cuneifom. Ct. Centrale. Tp. Trapezium. Tz. Trapezoid. P. Pisiform. 

U. Unciform. 

the trapesium and with the centrale, which is a large bone 
oonsidern^hly tlArger than the trapezoid. The lunate, which| in 
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TaraiuB has a considerable articulation with centralef is articu*- 
lating mainly with the os magnum and the centrale articulation 
is very small. The cuneiform articulates only with the unciform. 
The centrale articulates disfcally with the trapezoid and slightly 
with the trapezium. Tlie pisiform is very large. It is wedge- 
shaped, with the apex inserted between the ulna and the cunei- 
form. Its large medial mass forms the attachment of the flexor 
carpi uliiaris. 


Text- figure 18. 



The pelvis. 


The articulations ef the metacarpals with the carpals are 
shown in text-fig. 17, The bases of tlie ulnar four metacarpals 
are bound together by a strong transverse ligament. The heads 
are joined in much the same manner, but there is more play in 
the distal ligament. The first metacarpal is of the same length 
as the fifth and is of equal strength although slightly shorter. 

The Lower Eostremity. 

The innominate bones meet to form a very long symphysis. 
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The obturator foramen is large and almost circular. The aceta- 
bulum is circular, deep, with a wide notch and a very thin floor. 
The articular surface is 0-shaped and extends more over the 
superior part of the cavity than over the anterior or posterior 
parts. The ala of the ilium is almost quadrilateral. At its 
anterior superior apex there is a small tuberosity — ^the anterior 
superior spine. Posteriorly the crest is short and narrow and 


Text-figure 19. 



Th« femur. 


terminates in a rounded postero-superior angle. Below this the 
outer surface of the ala is divided into an outer and inner part 
by a ridge. The postero-inferior spine marks the distal extremity 
of the sacro-iliac joint. The anterior inferior spine is blunt but 
well marked. The inner surface of the ala is divided into three 
parts by the sacro-iliao joint. The ileo- pectineal line is continued 
downwards from the ala of the ilium to form the sharp upper edge 
Pboo. Zool, Soc. — 1927, No* XLII. 42 
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of the superior ramus. This ramus of the innominate bone 
thin, but medially it expands to form the body of the pubis. The 
inferior ramus is thicker than the superior. Dorsally it expands 
to form the body of the ischium, from which arises the ischial 
tuberosity. The tuberosity faces directly backwards, but is not 
expanded into a plate. It remains nairow across the bone, but is 
extended in a dorso- ventral direction. 


Text-figure 20. 



The bones of the leg and foot. 

A. Astragalus. N. Navicular. Cn. Cuneiform bones. Cb. Cuboid. 

- O.C. Os calcis. 

The f&muT articulates with the acetabulum by means of a 
spherical bead, which has a fossa for the ligamentum teres. The 
neck is short and stout. The great trochanter is large and possesses 
an extensive lateral surface which is prolonged downwards and 
posteriorly to form a postero-lateral fiange on the shaft of the 
bone. Immediately below the lateral surface and half-way to 
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the termination of the flange there is a well-mai*ked third 
trochanter. The small trochanter is well developed. Posteriorly 
it is continued down hy a thin ridge to meet the flange from the 
groat trochanter. Tliey thus form the linea aspera, which is 
really a small area lying between a lateral and a medial line, 
which lines are continuous below with the supracondylar ridges. 
The two lines never fuse to form the linea aspera wliich is seen 
in Man. laying at the base of the great trochanter on its medial 
aspect there is a shallow digital fossa. The distal extremity of 
the hone expands gratlually from the snkooth rounded shaft. 
Between the two supracondylar ridges there is a smooth popliteal 
area. Ou the lateral condyle there is a small tubercle lying above 
the upper limit of the jiosterior part of the articular surface. 
This is the so-called adductor tubercle. It is the insertion of the 
pre semimembranosus. I'he medial comlylo is larger than the 
lateral. I'he articular surface consists of a trochleai* surface for 
the articulation of the patella and on each side of this the two 
surfaces for the tibial articulation, llie posterior parts of the 
rounded condylar articular surfaces articulate with the sesamoid 
hones in the heads of the gastrocnemius muscle. There is a 
considerable amount of torsion of the upper extremity of the 
femur on the shaft and lower extremity. It amounts to about 
thirty degrees. 

The paLeUd is a small almost circular bone. There are no 
proxiuial a,nd distal patelhe as described in Tarsi us. It articulates 
entirely with tlm femur. 

The tibia is slightly longer than the femur. The upper surface 
is described in the account of tlie knee-joint (see page 678). The 
upper part of the shaft is triangular in cross-section, but at tlic 
middle it becomes almost circular and then expands again to form 
the inferioi* extremity. The medial malleolus is laige with a 
deep groove on its posterior aspect for tlie flexor tendons. The 
fibula articulates above with the upper extremity of the tibia on 
its lateral surface. .It takes no part in the formation of the 
knee joint. It is a thin bone, almost circular in section thi-ough- 
out tlie wliole of its course. The lower extremity forms the lateral 
malleolus and is attached to the tibia by strong ligaments. 
There was no bony fusion in this region in the specimens which 
I e.xamined. The head is large and rounded, with a small 
tubercle on the lateral aspect for the attachment of the fibular 
collateral ligament. 

The tarsal bones ere much more primitive th|^n those of Tarsius^ 
In flapale the foot is long owing to the great lengthening of the 
metatarsals, whereas in Tarsias the tarsals are elongatCMl. Th€» 
foot as a whole, from the tuberosity of the os calcis to the tip of 
the third <Ugit, is almost equal to the length of the femur. The 
general arrangement of the tarsus and its articulations resemble 
very closely the condition described by Le Gros Clark in PtUo- 
oercu8„ 

The astragalus , — The articular surfaces which take part in the 

42 * 
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formation of the ankle-joint are three in number and are 
separated from each other by ridgea, Tiie lateral surface of the 
body of the bone is entirely articular, Tlie surface is a broad 
orescent with a shallow concavity. This surface ai’ticulates with 
the lateral malleolus. Medially a sharp ridge sepamtes the 
fibiilar surface from the upper articular surface. This surface is 
shaped like a pulley into the concavity of which the ridge on the 
lower articular surface of the tihia tits accurately. This surbtee 
extends forwards to reach the base of the neck of the bone and 
posteriorly almost as far as tlie articulation with the os calcis. 
Medially the upper surface is divided from the medial portion of 
the upper articular surface by another sharp ridge. The medial 
surface is slightly convex and extends forwards for more than 
half the length of the neck of the l>one. It is obvious that the 
extent and the formation of the articular surfaces are to provide 
a wide range of movement at the ankle-joint, especially dorsi- 
flexion. The neck is a constricted shaft of hone six millimetres 
in length and expanding to form the rounde<l head of the bone. 
The articular surface of the head forms more than half a Sfdiere, 
but the main part of the articular surface faces <lowriwaixls and 
forms part of the anterior as tragalo* calcanean articulation. The 
anterior surface is received into the deep excavation on the 
posterior surface of the navicular. The posterior asta-agalo- 
calcanean joint is formed by the semilunar articular surface of 
the astragalus which articulates with the convex upper articular 
surface of the os calcis. Thus infei’ior articulai' surface of the 
astragalus covers the whole of the inferior surface of the body of 
the bone and the anterior three-fourths of the inferior surface 
of the neck. In front of the body along the under surface of the 
neck there is attached a strong astragalo-calcanean ligament 
v/^hich binds the astragalus to the os calcis and occupies the whole 
of the wide tarsal tunnel. The axis of the neck is inclined to the 
antero-posterior axis of the body at an angle of about 30 degrees. 
The neck lies in the long axis of the foot, and corise{[uently there 
is normally an external rotation of the wliole limb at the hip- 
joint. 

Tiie fibular collateral ligament is attached to the postero- 
inferior angle of the lateral surface of the body, I'he posterior 
surface of the body is groove<i for the flexor flbularis tendon. 

The os calcis has four articular surfaces. The posterior surface 
is oval and divided into two parts — an uj>per smooth area for the 
bursa beneath thjp tendo Achillis and a lower area which is 
rough for the attachment of the tendon. The posterior area 
passes into the inferior surface imperceptibly. The inferior 
surface is rough over the more posterior part, for the attach- 
ment of the accessory head of the flexor digitoruin brevis. The 
anterior portion is smooth an<l rounded. It passes insensibly 
into the medial and lateral surfaces. On the lateral surface 
there is a prominent peroneal tubercle which is smooth and not 
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grooved. The medial surface is deeply excavated between the 
susteatficulum tali and the posterior surface of the bone. This 
groove is converted into a tunnel by a strong ligament attached 
to the medial edge of the posterior surface of the hone and above 
to the medial surface of the astragalus. Tlie sustentaculum is a 
broad transverse shelf ])iojecting medially with its upper or 
dorsal surface concave for the articulation of the inferior surface 
of tlie astragalus. Posterior to the facet on the sustentaculum is 
the convex articular surface for the inferior aatragalo-calcaneal 
articulation. The anterior articular surface tor the cuboid is 
concave in all <lirections. Tite surface of the hone immediately 
posterior to tlie cuboiil articular surface is smooth, and to it 
is attached the origin of the extensor <ligitoruiii brevis muscle. 

The 6*6*ap/towi!. — The posterior articular surface for the articu- 
lation of the astragalus is jiear-sliaped. The apex points upwards 
and laterally. To the lateral side of this the bone articulates 
wth the cuboid by means of a small triangular facet. In front 
the three cuneiform liones articulate. The surface for the latei al 
cuneiform is concave. Tlie surface for the medial cuneiform is 
convex and is the largest of the three. The middle bone 
ai*ticulat.es over a very small area which is flat. The tuberosity 
of the scaphoid is blunt and rounded. 

I'he cuboid has a com ex surface posteriorly for the os calcis 
and a small rnediiil surface f<»r th€i scaphoid and the postero- 
lateral angle of the lateral cuneiform. In front there is a narrow 
area for the articulation with the bases of the fourth and fifth 
inetatarsals. The plantar surface is deeply grooved for the 
peroneus longus. The autero-medial angle of the bone bears a 
small articular surface for the an tero- lateral angle of the lateral 
cuneiform. 

'I'he lateral cuneiform (ectoevneijorm) is a quadrilateral bone 
articulating posteriorly with the most lateral part of the scaphoid. 
This surface is convex. Anteriorly and on its medial side the 
second metatarsal articulates with the bone. The anterior 
surface is oblique and is flat for the biise of the third metatarsal. 

The miihile cuneiform {mesocuneifo?^m) is the smallest of the 
series. It is slightly constricted in the middle and has a slightly 
convex suiface for the scaphoid. Anteriorly it articulates with 
the second metatarsal. 

Tiie lateral cuneiform {entocuneiform) is the largest of the 
three bones. It is prolonged posteriorly into a blunt rounded 
apex which articulates with the under surface of the scaphoid, 
Jt does not reach a-s far posteriorly as tjte astragalus. The 
plantar surface bears a strong ridge to which is attached the 
strong plantar fascia. The anterior surface is notched to receive 
the ridge on the base of the first metatarsfil. Laterally the bone 
articulates with the base of the second metatarsal and with the 
mesocuneiform. There is no trace of a pre-lutllux. 

The first metatarsal is considerably shorter than the remain- 
ing members of the series. Its base bears a ridge which runs 
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clorso-veutrally and separates the aiticular surface into two parts 
each of which is concave. The tuberosity on the ventral or plantar 
aspect of the base is a low prominence, and to it is attached the 
peroneus longus tendon. The proximal phalanx is shorter than 
the same hone in the other tligits. The terminal phalanx is 
flattened and short. This is correlated with the flat nail which 
this digit bears, -Jlie other metatarsals have strong shafts. 
The fifth is the weakest. On its base the lateial side of the bone 
is prolonged into a strong tuberosity. Abduction and adduction 
of the fifth nieba tarsal can be eflected through a consi<leiable 
range, judging from the wide interval between the tuberosity of 
the bone and the cuboid. 

The Muscular System. 

The cutaneous musculature of Hapale sliows considerable re- 
duciitni when cornpaied with the Lenuiroid and the larsioid 
condition. The continuous sheet of fibres — the panniculus car- 
iiosus — wliicli is present in Tarsius has become broken into two 
distinct parts. The anterior part is confined to the axillary region . 
Numbers of muscle fibres are seen to lie in tlie fascial plane 
connecting the lateral edge of the pectoraJis major with the 
anterior edge of tl)o latissimns dorsi. These fibres converge on 
the apex of the axilla and are inserted into the fascia covering 
the coraco-bracliialis and eventually into ilie humerus. In this 
they are homologous with the Achselbogen of Man . The posterior 
part of the panniculiis carnosus has persisted and has be(‘onie 
divided into two parts, a medial and lateral dorso-luinbar group 
of fibres. I'ho medial gioup is a thin sheet of fibres which lie 
over the dorsal part of the body-wall in t)je lumbar region and 
are continued dowuiwards tow^ar<ls tlie tail. 'They fade out 
laterally and over the sacral region. The lateral group of fibres 
is a mass of filires which arise in the lower dorsal region and 
sw'eeping laterall}" and downwards pass into the thigh to reach its 
medial side. The fibres end about the legion of tJie knee. 

The most anterior part of tlte cutaneous musculature is 
described under the facial musculature. Tlmre is no apparent 
continuity between the axillary sheet of muscle and the platysina 
nor betw’een the dorso-lumbarsheet and the j^osterior part of the 
platysma. In this i*cspect the condition found in llapale. closely 
resembles the Anthropoid arrangement. 

The work of Huge on the Acliselbogen in Man summarises the 
conditions in most of the Primates, but Jie does not figure 
the Hapede sheets. 

Facml MuBculatwre. 

It has not been possible to obtain satisfactory serial sections of 
the anterior pait of the face to settle points of doubt in the 
description of these muscles. The descriptions of the muscles 
are based on the dissection of a fresh and a preserved specimen* 
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The fresh specimen was nsed to confirm as far as possible 
the conclusions reached in the original description. 

Platysma , — The platysma is not nearly so well defined as 
Woollard has described for Tarsius, The sheet is very thin 
over the posterior neck region and the middle line of the neck, 
in front. A fairly well-defined mass can be made out which 
runs from the fascia over the pectoralis major to the face in the 
region of the angle of the jaw. This sheet thins out anteriorly 
and posteriorly. The posterior fibres tend to run almost directly 

Text-figure 21. 



A.L. Auriculo-labialie. At. Aiititrogicus. H. Heticis. O.F. Occipito-frontiilig. 
0.0c. Orbicularis oeuli, O.Or. Orbicularis oris. Plat. Platysma. Q.L.S. 
Quadratus labii superioris. K.A. KatraliauB auris and aariculO'Occipitalis. 


backwards to the middle line at the back. The anterior fibres 
thinning out as tiiey near the middle plane cross the median 
plane only in the sub-mental region. These anterior fibres tend 
to pass itpwards into the lower lip. The clavicular part of the 
platysma as it reaches the angle of the jaw splits into three 
well-marked slips. The most anterior passes forward and is 
inserted into the angle of the mouth and the skin of the lower 
lip. The middle division runs upwards and blends with the 
orbicularis oculi. The third division passes backwai'ds and is 
inserted into the auriculo-labialis and the base of the pinna 
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anteriorly* Just before appealing on the face a few £bres pass 
backwards into the muscles behind the ear. In all these points 
the general similarity with the T'armiB condition is striking. 

Sphiiuiter colli profundus, — riiis muscle is present. It lies 
deep to the platysma over the upper part of the neck and runs 
from the base of the ear to the middle line of the neck. 

Occipito-frontalis M. — This muscle forms a sheet of muscle 
which arises from the skin and the subjacent bone along the 
supra-orbital margin. The fibres pass backwards. Some are 
inserted into the nuchal line and some become continuous with 
the platysma. The slips which reach the nuchal lino are lying 
on a deeper plane than the others. These slips have various 
origins. 

{a) A well marked hand arises from the skin above the root of 
the nose and passes backwards over the skull to be inserted into 
the superior nuchal line. 

(6) Some fibres arising from the lateral part of the orbicularis 
oculi follow the same course and are inserted lateral to the foimer 
group. 

(6*) The thii'd and smnllest band arising from the posterior 
part of the pinna pass backward into the nuchal line. TJiis band 
of fibres represents the auriculo-occipitalis and the retrahens 
aurern. The band does not show any division into two or three 
divisions as in Tarsius. 

Orbicularis oculi 3/. — This complex muscle is made up of slips 
from tlie adjacent muscles and from intrinsic fibres. It is a very 
thin band of tissue which extends almost from the free edge of 
the eyelids to the edge of the orbit. Fibres arise from the 
maxilla and the lachrymal bones near the inner canthus of 
the eye, but also where the insertions and origins of the fibres is 
in skin. Fibres reach the orbicularis oculi from the occipito- 
frontalis, the auriculo-labialis, the platysma, and the orbicularis 
oris. 

Auriculo-labialis M, — This muscle cannot be subdivided into 
three parts which are present in Tarsms. Jn the Marmoset it 
appears to be a single mass of fibres winch stretches forw^ards 
from the base of the pinna near the incisura. The fibres are 
inserted into the orbicularis oris and oculi. 

Orhiculmds oris M, — The oi’bicularis like the orbicularis oculi 
is a complex of intrinsic and extrinsic fibres. The intrinsic 
muscle fibres are circular in their course and are inserted into the 
skin around the angles of the mouth and the free margins of 
the lips. The extrinsic fibres belong to two planes — a superficial 
plane, the fibres reaching the muscle in this plane are from the 
platysma and from the orbicularis oculi, and a deep layer — the 
fibres of the auriculo-labialis reach the muscle in this plane 
which is deep to the platysma group. In the lower lip the 
fibres of the platysma enter the muscle direct. These fibres are 
from the platysma anterior to the so-called clavicular portion 
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described above. It was not possible to determine the presence 
of a musculus labialis proprius. In the deep layer the buccinator 
sends some fibres into the muscle. These are inserted into the 
angle of the mouth. 

Quadmtus lahii snperioris M , — This muscle appears to be 
arranged in a manner closely resembling that found in Tarsius, 
The fibres in ilapale are very hard fco separate out from the 
orbicularis oris, into which they are inserted. 

Text-figure 22. 



T.M. TomporBl M. Z.T.M. Zygomatic fibres of temporal muscle. T.B.N.F. 

I'emporal branch of facial nerve. Oc.B.N.F. Occipital branch facial nerve. 

C.B.F.N. Cervical branch facial nerve. M.B.N.F, Mandibular and maxillary 

trunk of facial nerve. P.B.D. Posterior belly of digastric muscle. S.M. 

Superficial fibres of masseter M. I).M. Deep fibres of masseter muscle. B. 

Buccinator M. 

Mmclea of Mastwation. 

M. Buccinator arises from the anterior third of the zygomatic 
arch and the superficial surface of the maxilla. The posterior 
fibres lie deep to the anterior margin of the masseter, and the 
anterior fibres He deep to the posterior part of the orbicularis 
oris, into which muscle a number of the anterior fibres are 
inserted. The fibres sweep down from the origin and incline 
forwards to be inserted into the mandible along the line of the 
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reflection of the mucous membrane of the mouth from the bone. 
The posterior limit of the insertion is immediately behind the 
third molar tooth. From this point the superior constrictor of 
the pharynx also arises. The pterygo-mandibular raphe aflbrds 
origin to the most posterior fibres of the buccinator. Those 
fibres have an almost v^ertical course into the mandible in the 
region of the molar teeth. 

M. Temporalis . — This muscle arises from the lateral surface of 
the skull infeiior to the temporal Hue and from the line itself. 
The lino passes backwards almost to the lambda, whore it diverges 
laterally and runs su}»erior to the superior nuchal line, with 
which it coalesces as far as the temjioro-occipital articulation. 
Fibres arise from the scpiamous temporal above the external 
auditory meatus along the })osterior root of the zygoma. All the 
fibres converge on the coronoid process, and in the midst of 
the muscle mass only a very few tondinous Kbres are seen. 
The fibres which come from the most anterior part of the origin 
of the mn.scle along the posterior or temporal surface of tlie 
orbital process of the malar bone pass almost vertically down- 
wards, become tendinous and are inserted into the whole of the 
anterior edge of the ramus of the mandible. 

The most posterior fibrevS from the posterior root of the zygoma 
do not form a tendon into which the other Hbres of the muscle 
are inserted. In thei female the muscle is much less extensive 
on the lateral surface of the skull. It does not approach the 
lamhila so closely as in the male, nor does it coalesce with the 
superior nuchal line except at the asterion. 

These posterior fibres fonn a large part of the muscle and 
appear to be specialised to give an antei’o-iiosterior pull on the 
coi'onoid process and to jnoduce a grinding action of the loAver 
teeth on the uppei\ 

M. Masseter arises by two origins — (a) from tlie posteiior three- 
fourths of the inferior edge of the zygomatic process. (?>) from 
the whole of the deep surface of the zygoma. The superficial 
part is inserted into the angle and the lower iKmler of the 
mandible and along the inferior half of the posterior edge of 
the ranuis. Some of these fibres are inserted into the lower half 
of the lateral surface of the ramus and become blended there 
.with the insertion of the deep part, which is inserted into almost 
the wliole of the upper half of the outer surface of the ramus 
above the insertion of the superficial part. The anterior fibres 
of the deep portion of the muscle blend with tlie tendinous 
insertion of the anterior fibres of the temporalis along the 
anterior edge of the ramus. 

M. Fterygoideus Iniernns arises from the whole of the fossa 
between the two wings of the pterygoid process of the sphenoid. 
It descends obliquely backwards and runs along the inferior 
border of the auditory bulla to be inserted into the deep surface 
of the angle of the jaw. The fibres arise from a small area, as 
the pterygoid fossa in the Marmoset is a very small depression 
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and consequently the origin is tendinous. There is no intra- 
muscular tendon as has been descnl)ed in Tarsius, 

M. Pterygoideus Kxternus . — This muscle is distinctly smaller 
than the internal pterygoid. It arises from the superficial {or 


Text- figure 23. 



The anterior region of the neck. 


A.B.I). Anterior helly of the digastric muscle. P.B.l). Posterior belly of the 
digastric, T.l). Tendon of the digastric muscle. C.Th. (.Vico-thyroid 
inuKcle. O.H. Onio-h3*oid muscle. Vag.N. Vagus nerve. C.C.A. Common 
carotid artery. M.H. Mylo-hyoid muscle. Ms. Masseter. S.L.G. Sub- 
lingual gland. Prt.G. Parotid gland. S.M.G, Sub-maxillary gland. S.M.M. 
Sterno-mastoid muscle. S.Tli. Sterno-thyroid muscle. S.Hy. Storno-hyoid 
muscle. 

lateral surface of tlie external surface of the pterygoid lamina 
and from the orbital plate of the malar bone posterior to the 
inferior orbital fissure and along the articulation of the maxilla 
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witli this part of the malar bone. It has thus the same I'elations 
as in Tarsius except tiiat the malar bone has extended inwards 
and has separated it from the door of the orbit. The muscle is 
inserted into the anterior edge of the condyloid process of the 
mandible, the intra-articular fibro-cartilage, and the anterior 
part of the joint cjipsiile. 

The digjistric and the mylo-hyoid are described with the 
anterior muscles of the neck. 

Muscles of the 

Sterno-cleido-mastoideus M. — This muscle is double in the 
Marmoset. Tlie lateral portion or the cleido-occipitalis arises 
from the medial end of the clavicle. It runs backwards and 
upwards and is inserted into the superior nuchal line. Its 
posterior border does not come into conbict with the trapezius. 
The medial portion or sterno-mastoid arises from the anterior 
surface of the first piece of the sternum and coursing backwards 
it is inserted into the mastoid process. The two portions are of 
equal size. They are siqiplied by the spinal accessory nerve. 

Omo hyoid M, — Arising from the upper bonier of the scapula 
near its outer end tlie fibres pass upwards and medially deep to 
the two parts of the sterno-cleido-mastoid and is inserted into 
the lateral part of the hyoid bone. There is not a clear demar- 
cation iiito parts as is seen in the higher primates. The 
intermediate tendon consists of a few very ill-marked fibres. 

Sierno-hyoid J/. — Tlie origin of this muscle from the deep 
surface of the first portion of the sternum lies close to the middle 
line. The fibres run upwards close to the middle line of the neck 
and are inserted into the hyoid hone close to tlie medial plane, 
on the anterior surface. 

Sterno-thyroid M, — Lateral to the origin of tlie sterno-hyoid 
the fibres of the sterno-thyroid take origin. Tlie muscle lies 
parallel to but on a slightly deeper plane to the former muscle. 
It is inserted into the lateral surface of the hyoid bone along the 
lowest part of the expanded body of the bone. It lies deep to 
the sterno-hyoid. 

Thyro-hyoid M., — This muscle arises from the upper border of 
the lateral line on the thyroid cartilage and is inserted into the 
hyoid bone deep to the omo>byoid and the lateral pari of 
the sterno-hyoid, 

Diagastrie M, — The anterior belly of the digasti io arises from 
the symphysis menti and the lower edge of the mandibular ramus 
as far laterally as the most medial part of the insertion of the 
masseter muscle. Some of tlie anterior fibres cross the middle 
line. The posterior limit of this decussation is tendinous. The 
posterior belly aidses from the mastoid area on its deeper surface ; 
some of the fibres are attached to the styloid process. The 
intermediate tendon is well marked. It is not attached to the 
hyoid. The tendon lies close to the angle of the jaw. The course 
of the muscle is almost straight from the symphysis menti to the 
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mastoid process. The anterior belly is supplied by the hypo- 
glossal nerve and the posterior belly by a slip from the facial 
nerve. 

Mylo’hyoid M . — The mandibular origin of this muscle lies 
deep to the anterior belly of the digastric along the inner surface 
of the mandible from the symphysis to the anterior margin of 
the insertioti of the masseter muscle. The anterior fibres are 
inserted into a median raphe wliich extends backward « to be 
inserted into the hyoid l)one. The posterior fibres curve backward 
and some of them are attaclied ilirectly into the hyoid. 

G$nio-hyoid M , — Tlie fibres of this muscle arise from the 
upper border of the hyoid and running forward are inserted into 
the mandible close to the symphysis menti. 

Hyoijlossus M , — This is a fan shaped muscle which arises 
from the hyoid near tlie middle line. The fibres exjiand as they 
run upwards and are inserted into the tongue. Some of the 
anterior fibres appear to get an attachment to the mandible in 
the region of the symphysis. There is no separation from the 
main mass of the muscle to justify the description of a separate 
genio-hyoglossus muscle. The lingual artery lies deep to the 
hyoglossus. 

Tlie Pre-vertehral Muscles, 

M, RecUt^ Capitis Anticus Major , — This is a very extensive 
muscle which arises from the anterior tubercles of the fourth, 
fifth, and sixtli and sometimes the seventh cervical vertebrae. 
It forms a large mass of muscle which is inserted into the basi- 
occipital along with its fellow of the opposite side between the 
anterior ends of the auditory bullae. 

M, HecUis Capitis Antic'its Minor . — This muscle arises from 
the body and transverse processes of the atlas and forms a thin 
quadrilateral muscle which is inserted into the basi -occipital 
posterior to the insertion of the former muscle. 

M. Longus CoUi can be divided into three pai'ts as in all the 
higher primates and described by Woollard in Tarsius, The 
lower oblique part arises from the lateral aspect of the bodies of 
the upper two or three thoracic vertebrie. It inclines laterally 
and is inserted into the transverse processes of the fiftli and 
sixth cervical vertebra). The upper oblique poi*tion arises from 
the anterior tubercles of the third, fourth, anil fifth cervical 
vertcbrsB and inclines medially to be inserted into the anterior 
tubercle of the atlas. The vertical part of the muscle arises 
from the upper two or three thoracic vertebrie in common with 
the lower oblique part to its medial side. The muscle passes up 
into the neck, and after obtaining a few slips from the anterior 
surfaces of the lower two or three cervical vertebrae it is inserted 
into the anterior surfaces of the Indies of the upper four cervical 
vertebrae. The slip to the anterior tubercle of the atlas is a thin 
tendon which fuses with the medial edge of the upper oblique 
p6rtion of the muscle. 
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Text-figure 24. 



The anterior muf^cle^ of the trunk. 

P.M. Pectornlis mnior M. Sc. Subclavius M. 1). Deltoid M. P.Min. Pectoraliii 
fiiinor M. Abd.P.P.Maj. Pars abdotninaUn of pectoralis m^jor M. K.A. 
Beetus abdominis M. li.D. LatissimuK dorsi M. E 0. External oblique M. 
I.O. Internal oblique M. T.A. Transver-us abdominis M. Ant.N. Anterior 
divisions of lower intercostal nerves. L.F.C.N. Lateral femoral cutaneous 
nerves. St. Sartorius M. P.N. Femoral nerve. R.F. Bectus femorts M. 
F.Vsls. Femoral vessels. , Iliac. IliacnsM. Ap.E.O. Aponeurosis of external 
oblique M. S.Mag. Serratus magnus M. T.Mj. Teres major. 
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The Scalene Mmcles. 

M. Scalenus Anticus arises from the transverse processes of 
the fifth and sixth cervical vertebae and is inserted into the 
anterun* surface of the medial end of the first rib. It passes 
deep to the subclavian artery and sdperficial to the brachial 
plexus. 

M. Scalenus Medins and M. Scalenus Posticus . — These two 
muscles sef)arate in Man are fused and form a single large sheet 
of muscle fibres lying behind the brachial plexus. The muscle 
arises from the transverse proce.sses of the second to the sixth 
cervical vertebrte and passing downwanls spreads outwards on 
the lateral surface of the thorax and is inserted into the lateral 
surface of the upper four ribs. 

The Vertehral Region, {Posterior atid superior,) 

Splenius capitis M , — The origin of this muscle is from 
the ligamentuni nuchse, the spines and interspinous ligaments 
of the last cervical and the upper two thonicic vertebra). It is 
instn-ted into the superior nuchal line from the median plane to 
the mastoi<l process. 

Splenius cerricis M , — Two small slips detach themselves off 
from the main sphuiius capitis imiss and running laterally are 
inserte<l into the transverse processes of the first and second 
cervical vertel)ric. 

Complex us il/. — This muscle lies <leep to the splenius muscles. 
Ifc arises from the transver.se piwcsses of the third, fourth, and 
tiftlv tlioracic vertebne and running nuHlially splits into two 
divisions — a ineilial and a lateral. Each possesses a single 
tendinous intersection. They are inserted sepamtely into the 
occipital lM)ne below the nuchal line near tlm median plane. 

Trackelo-mastoid Jl , — A thin slip of muscle arises from the 
second, thirH, and fourth thoracic vertebra) and is inserted into 
the occipital bone and the mastoid process. The origin of the 
muscle is much lower than the same muscle in 7\irsius and is 
inserted into the occiput much more lateral than the Tarsius 
muscle. 

M, Rectus Capita Posterior Major arises from the spine of the 
axis and is inserted into the squamous part of the occipital bone 
along the lateral portion of the bone. It is a triangular muscle, 
and is very strong in Ilapale 

M. Rectus Capitis Posterior Minor lies to the media] side of tlie 
majoT' and is overlapped by it. It arises from the tubercle of 
the posterior arch of the atlas and is inserted into the medial 
part of the squamous occipital. 

Ohliquus Capitis Superior arises from the transverse 
process of the atla^ and is inserted into the occipital bone in the 
interval between the nuchal line and the semi-spinalis capitis. 

M, Ohliquus Capitis hiferior arises from the spine of the axis 
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and is inserted into the transverse process of the atlas. The 
great occipital nerve hooks round its inferior border. 

These muscles are small and weak. 

Muscles of the Trunks 

The supra-eostal These muscles are not present in 

the Marmoset. 

External oblique M. — The external oblique muscle arises from 
a series of muscular slips from all the ribs. In the upper six 
ribs the origin corresponds to the junction of the costal cartilage 
with the rib. Below the sixth rib the origin becomes more and 
more posterior, shifting on to the rib itself. The jiosterior fibres 
of the muscle wliich arise from the last lib are attached by strong 
fascia to the posterior lamella of the lumbo-dorsal fascia. Tiiis 
same fascia binds these fibres to the crest of the ilium. At the 
anterior superior spine of the ilium the lower muscle fibres 
obtain an attachment to that bone. The main fibres run down- 
wards and inwards to gain attachment to the linea alba by means 
of an aponeurotic sheet. Tlie muscle fibres in the lower and 
medial part of the muscle arch in a crescentic manner to form 
the superior edge of the external abdominal ring. These fibres 
are concentrated into a well-marked pillar of muscle and tendon 
which is inserted into the body of the pubis. This tendinous 
mass forms the medial boundary of the external abdominal ring. 
The fascial sheet which lies below the lower musclar fibres 
becomes pulle<l out over the spermatic cord to form the external 
spermatic fascia. The medial pillar of insertion lies free of the 
anterior sheath of the rectus muscle. 

Internal oblique M. — The origin of the internal obli^me is 
from the lumbo-dorsal fascia, the outer third of the crural arch, 
And from the anterior suj)erior spine of the ilium. The muscle 
slips do not become tendinous until just before they reach the 
lateral edge of the rectus muscle. Above tlio origin from the 
lumbo-dorsal fascia the muscle fibres are continuous with 
the external intercostal muscles of the eleventh and twelfth 
spaces. The aponeurotic insertion splits to enclose the rectus 
muscle as far down as the mid-joint l>etween the umbilicus and 
the pubis. Below tlie latter point the whole of the tendon of 
insertion of the internal oblique lies in front of the rectus. 

Tranaversalis abdominis M. — The fibres of this muscle take 
origin from the lumbo-dorsal fascia, the costal cartilages, and the 
ribs from the seventh to the twelfth. Some fibres arise from 
the iliac crest and from the lateral two-thirds of the crural arch. 
The upper fibres run transversely with a slight inclination down- 
wards and are inserted into the linea alba and l>©ar the same 
relation to the rectus muscle as the internal oblique. Like the 
internal oblique the lower fibres form a low arch over the 
spermatic cord. The fibres of the cremaster muscle are derived 
mainly from the transversal is. 
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Mectu$ abdominis M , — The origin of the rectum is over a wide 
area of the body and superior ramus of the pubis and on to the 
iliac part of the pubic ramus. It is a broad strap-like muscle 


Text-figure 25 



The muscles of the scapular region. 

T. Trapezius. I). Deltoid. Tr.M. T’ricops. D,Kpi. Dorso-epitrochlearis. T.M. 
Teres mnjor. l.S. InfraspinaiUH. 1).S. Depressor scapulto. L.D. Latis- 
timus dorsi. 

which runs along the ventral surface of the abdomen without 
any sign of tendinous intersection. The medial fibres of the 
muscle appear to blend with the upper fibres of the external 
oblique arising from the upper ribs, and hence it is possible that 
Paoo. ZooL. Soc, 1927, No. XLIIL 43 
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the muscle may be inserted as far cranial as the first rib« The 
lateral part of the muscle is inserted into the costal cartilages of 
the ribs as low as the ninth costal cartilage. The pyramidalis 
muscle is not separated off as a distinct muscle mass in the 
Marmoset. As Wool lard has noted in Tarsias^ some of the lateial 
fibres of the muscle run medially into the lines alba. This 
eannot he shown in the Marmoset. 

M, Triangulm'is sierni arises from the deep surface of the 
sternum and the xiphoid process as high as tlie second rib. The 
muscle is composed of a series of slips which diverge laterally to 
be insei^ted into the deep surface of the second to the seventh 
ribs. 


The Dorsal Region , 

Trapezius M , — This muscle is divided into two distinct parts, 
a supra and an infra spinous. The upper or supra-spinoiis portion 
arises from the ligameritum nuchte as far cmnial as the third 
cervical vertebra. At the level of the seventh the fibres arise 
from the spines and inter-spinous ligaments to about the level of 
the fourth thoracic vertebra. All these muscle fibres form a 
triangular mass of fibres which are inserted into the superior 
edge of the spine of the scapula along the vertebral two-thirds of 
its length. The iufra-spinous portion arises from the spines 
and interspinous ligaments of the fourth to the ninth or tenth 
thoracic vertebrao. This portion is inserted into the vertebral 
half of the lower border of the . capular spine. It forms a very 
small part of the whole muscle. 1'he nerve supply is from the 
cervical plexus, and the upper part seems to have a distinct 
supply from the accessory nerve. The nerve supply to the lower 
part cannot be demonstrated by dissection. The infra-spinous 
portion corresponds to the depressor scapula? which is present in 
Ta/rsius and absent in the Lemiiroidea. 

Ehomhoideus M , — This muscle is divisible into two parts as in 
Man. It arises from the lower half of the ligamentum nucha? 
and the upper three thoracic vertebrie and is inserted into the 
lower half of the vertebral border of the scapula. 

Ehonnhokleus capitis M , — This muscle consists of two slips. 
The more lateral slip arises from the occiput just lateral to the 
middle line and runs downwards and outwards to be inserted 
close to the other slip at the superior angle of the scapula. The 
medial slip arises from the ligamentum nuchae from the level of 
the fourth to the seventh cervical vertebrte, and is inserted into 
the superior angle of the scapula and the upper two-thirds of the 
vertebral border. 

Levator soapulce anticus M, arises from the ventral surface of 
the atlas and is inserted into the acromion. It appears from 
under cover of the stemo-mastoid as it passes downwards to its 
insertion. It is not inserted into the clavicle. 

Levator tmgulce acapulm M . — This muscle arises from the 
transverse processes of the third, fourth, and fifth cervical 
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vertebra). The slips form a thick mass of muscle which is 
inserted into the superior angle of the scapula and along the 
vertebral border for a short distance. 

Serralm magnm — The muscle arises from the first to the 
eighth rib in the mid-axillary line. The upper slips are 
extremely thin, and the only large muscle masses are from the 
lower three origins. The fibres are inserted along the whole of 
the vertebral border of the scapula, but the main insertion is tlie 
lower third of tlie vertebral border. 

Serratna posterior superior M , — This muscle could not be 


Text- figure 26. 



The muHcles of tlio upper ami and the forearm tlexori. 

I). Deltoid M. P.Mj. Pectoral i 8 major M. Ih Biceps. D.Kpi. Dorso-epitrochloaris 
M. B.R. Branchio-radialis M, P.R.T. Pronator radii teres M. P.C.R. 
Flexor carpi radialis M. F.C.U. Flexor carpi ulnans M. P.L. Palmaris 
longiis M. 

defined. It appears to arise by a very thin aponeurosis from the 
seventh cervical spine and the spines of the upper three thoracic 
vertebrte and to be inserted into the upper three or four ribs. 

Serratua posterior inferior M , — Like the above muscle this 
muscle is ill-defined. It overlies the lower four or five ribs. 

Seuyro^lwmhalis M * — This muscle splits off from the erector 
spinse mass above the level of the last rib and is inserted into all 
the ribs along the line of the inferior angle of the scapula. 

Cervicalis aecendens M * — This is a very thin slip of muscle 
which gains insertion into the transverse process of the seventh 
cervical vertebra. 


43 * 





654 


DE. J. BEAITIB ON THE ANATOMY 


LongisBvmus dorsalis M, — This section of the erector spinee is 
insert^ into the transverse processes of tl^e lunilar vertebrse, 
the toms verse processes and the urticular processes of the 
thoracic vertebras and small slips into the tubercles of the ribs 
from the third to the twelfth. 

Transversalis cerviois M, — Tins muscle arises from the same 
mass of muscle as the previous muscle. It is inserted by six 
slips into the trans\erse processes of the second to the seventh 
cervical vertebra*. 

I’he other muscular masses of the erector spinie are ill-defined 
and not possible to <lescribe accurately in sue!) a small animal as 
the Marmoset. It is possible to recognise the Multifidiis in the 
thoracic region, but the Semi-spinalis is very weak and can just be 
recognised as a separate muscle mass in the ii])per thoi-acic and 

ower cervical region. 

Muscles of the TaiL 

M, Levator Cavdct Externus arises from the transverse process 
of the fourth and fifth lumbar vertebias and the adjacent portion 
of the ilium. The muscle forms a number of tendons which are 
inserted into all the caudal vertebne Each tendon is inserted 
into a caudal vertebra. The muscle fades out about the third oj* 
fourth vertebra. 

i¥. Levator Caudm Internus is fused above with the longissimus 
dorsi. The origin is very extensive. Fibres are derived fioni 
the lumbo-dorsal fascia, the transverse processes of the lower ten 
dorsal vertebra?, and the spines and dorsal surfaces of the lumbar 
and sacral vertebrae. Some fibres also arise from the uppei* two 
or three caudal vertebrse. The muscle l)e(*omes tendinous about 
the fourth caudal vertebra and the tendons are inserted into 
all the caudal vertebrae. 

Mm, Depressores Caud(e or M, Sacro-coccyyeus vevtralis arise 
from the deep or pelvic surfaces of the last sacral and the uppci- 
three caudal vertebra*. Tendons pass into the ventral surface of 
each caudal vertebra as far as the tip of the tail. Tlie muscle 
tissue ends over the third or fourth caudal vei’tebra. Like the 
levatores caudaj these muscles are vei*y slender. 

M, Fubo-coccygeus arises from the pubis as far forward as the 
symphysis and forms a fan-shaped muscle which is inserted into 
the third caudal vertebra. 

M. Ilio’coccygeus arises from the iliac portion of the pelvic 
brim and the pelvic surface of the body of the ilium. It is 
inserted into the fii*st, second, and third caudal vertebrae. The 
main insertion is into the third caudal vei tebra. 

M. Isdwhcoccygeus is the deepest of the three abductor 
muscles of the tail. It arises from the pelvic surface of the 
ischium and is inserted into the lateral surfaces of the first two 
caudal vertebra. 
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TJiS Mv Boles of the Upper Eoetremity, 

Anterior mid Thoracic Region, 

Pectoralis major M , — The pectoralis major is divided into two 
portions — the sternal and the abdominal. The pars stemalis 
arises from the whole length of the sternum, the fibres converging 
to form a fan-shaped mass which is inserted into the iiumei us. 
The lower fibres wind round the upper fibres from the manu- 
brium and the upper part of the sternum, and hence tlie insertion 
of the muscle presents a flattened U-shaped form. In this way 
the lowest fibres reach towards the highest level of the insertion. 
The insertion of the sternal part is along the summit of a well- 
marked ridge to the medial side of the bicipital groove of the 
hum(‘rns and downwards along the shaft of the humerus in 
the same pla.ne to tlie level of the deltoid inseition. The upper- 
most fibres of the tendon of insertion appear to blend with the 
capsule of the shouhler-joint. The muscle is supplied by four 
twigs —two fnmi the lateral anterior thoracic and two wbich 
pierce the pectoralis minor. 

The pars nbdominalis is a thin slip of muscle which arises from 
the upper five millimetres of the linea all>a and from the ninth 
and tenth costal cartilages at their junction with the sternum. 
I'assing laterally and upwards it lies deep to the sternal portion 
and is insertf‘d deep to that muscle along the bottom of the 
]iectoral crest. Some fibres are inserted into the capsule of 
the shoulder- joint. 'I'ho nerve supply of the pars alxlominalis is 
from the medial anterior thorach*. 

Pectoralis viiaor Af . — The musclo arises from the costal 
cartilages of the second to sixth ribs near the junction of these 
with the sternum. It is a fan-shaped muscle, the fibres con- 
verging to a w^elb marked tendon wbich passes upwards and 
laterally wliero it blends with tho capsule of the shoulder- joint 
on its superior surface. By this means the muscle obtains 
attachment to the great tuberosity and the acromion process, and 
the nerve supply is from the medial anterior thoracic nerve 
and from one or two communicating branches from the lateral 
antfU‘ior thoracic nerve. In one .specimen tho brnnchCvS from the 
lateral anterior tlioracic nerve joined the medial anterior thoi^mic 
nerve to form a single trunk. 

Suhclavim J/. — 'I’his is a small fusiform muscle which arises 
from the medial end of the first costal cartilage and is inserted 
into the deep bonier of tho clavicle near the lateral end of that 
bone. It is supplied by a nerve which comes oft* from the 5th 
and 6t.h cervical nerves. 

Latissimus dorsi M . — This muscle has a very extensive origin 
from the spines ami the interspinous ligaments of the fourth 
thoracic to the third lumbar vertebra). In addition, it obtains 
fibres of origin which arise from the posterier lamella of the 
lumbo-dorsal fascia, and in this way the origin is carried as far 
back as the iliac ci^st. The muscle fibres from the fascial origitt 
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commence about the level of the last rib. These lower fibres 
wind round in the same manner as the fibres of the lower pai*t 
of the pectoralis major muscle, and hence the most anterior or 
the deep fibres at the insertion are those from the lowest part of 
the origin. At the level of the inferior angle of the 8ca.pula the 
fibres of the dorsi-epiti ochlearis pass off in two muscle bundles. 
In two of the specimens the division into two heads was not 
seen. The muscle fibres forming the dorsi-epitrochlearis part of 
the latissimus clorsi arise from the uppermost part of the origin 
of the muscle. Some fibres of the dorsi-epitrochlearis arise from 
a tendinous intersection in the lower part of the muscle. The 
nerve of supply to the muscle is from the Musculo-spiral in the 
axilla. The nerve runs along the deep as[)ect of the muscle and 
supplies it. The main part of the muscle runs along the inferior 
border of the scapula and is inserted into the humerus along the 
floor of the bicipital groove. The muscle is pierced by the ter- 
minal brandies of the posterior divisions of the spinal nerves 
from the fourth thoracic to the third lumbar segment and by 
the lateral branches of the fifth to the tenth thoracic nerves. 

Muscles of the Shoxdder Hegiou^ 

Deltoid M . — This muscle consists of three parts--- a clavicular, 
spinal, and acromial. The clavicular part arises from the lateral 
half of the clavicle from the anterior border. ]\ledially its fibres 
are in relation with the fibres of the pectoralis major but do not 
fuse with it. The acromial pait arises from tlie acromial process 
and from the spine of the scapula for about the lateral fourth 
of its length. The spinal part is separate from the lemainder 
of the muscle and it arises from the remainder of the .spine of 
the scapula from its lower border. Tlie fibres of the former two 
payts converge on a median rajdie whidi extends fiom tl»e 
acromial process to the lowest part of the lateml bicipital ridge. 
The clavicular fibres are inserteil into this lapho along its 
anterior edge. The acromial fibres converge on it from beliind 
to form a heiring-bone pattern. The spinal pfirt is muscular 
along the whole of its length and does not find any attachment 
to the raphe. The insertion of the anterior two parts of the 
deltoid is into the lowest part of the lateial bicipital ridge. The 
spinal part is inseii^ed a little posterior to the insertion of 
the former parts. The whole of the muscle is supplied by the 
axillary nerve. 

Supraspvnatus M , — The muscle arises fi'om the whole of the 
supra-spinous fossa of the scapula. The fibres converge on a 
short tendon that is inserted into the great tuberosity of the 
humerus at its uppermost i^art. 

hifraspinatvs M . — The infraspinatus arises from the whole of 
the infraspinous fossa of the scapula and from the lower surface 
of the spine. The main part of the muscle arises near the ver< 
tebral border. The fibres are inserted into the great tubeiosity 
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of the humerus immediately distal to the insertion of the supra- 
spinatus. The muscle is not split into two parts as in the Lemurs 
and Tarsias, 

Teres minor M , — This muscle arises from the lateral half of 


Text-figure 27. 



The extensor raiisuiilature of the forearm and hand. 

B.R. Brach)o*radialiB or supinator long^is M. K,C.R.L. Bktensor carpi radiulis 
loiigus M. E.C.U.B. Extensor carpi radialis brevis M. E.C.IX Extensor 
digitorum communis M* E.M.D. Extensor minimi digiti M. E.C.U. 
Extensor carpi uluaris M. Ah.P.L. Abductor pollicis loiigus M. Ab.P.B. 
Abductor pollicis brevis M. E,P. Extensor pollicis portion of extensor 
digitorum communis tendons. 

the inferior border of the scapula. It is a thin muscle which is 
covered almost entirely by the infraspinatus. The fibres are 
inserted into the great tuberosity of the humerus distal to the 
insertion of the infraspinatus. 
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ma^or M . — The fibres arise from the inferior angle of 
the scapula and from that part of the inferior border which does 
not give origin to the teres minor. Passing deep to the long 
head of the triceps and superficial to the tendon of the latiasimus 
dorsi, it finds insertion into the medial border of the bicipital 
groove. The muscle is a powerful mass of fibres larger than the 
mass of the infraspinatus. 

Suhscapn, laris M . — The fibres of this muscles arising from the 
subscapiilar area are divided into four well-marked strands. 
Converging together the tendinous parts fuse together to form a 
single tendon of insertion into the lesser tiibei'osity of the 
humerus. 

Muscles of the Upper Arm, 

Triceps M . — The tendon of insertion of the Triceps into the 
olecranon of the ulna receives fibres from five different soinces. 
In this way the muscle is identical witli the condition found in 
2\irsim, 

(1) The long head of the triceps arises to the outer side of the 
glenoid cavity of the shoulder-joint. The fibres take origin 
from the glenoid lip itself and from tlie four niillinietres of 
inferior border of the scaptdn iniinediately alongside the glenoid 
lip. This part forms the biggest contribution to the triceps 
tendon. 

(2) The lateral head of the triceps arises by a thin tendon 
attached to tlie great tuberosity of the humerus distal to the 
insertion of the teres minor. Tlie fibres converge on tlie fibrous 
lateral edge of the long head and are inserted into it and into 
the olecranon. 

(3) The medial liead of the triceps arises from the shaft of the 
humerus distal to the capsule of the shoulder-joint in the plane 
between tbe insertion of the teres minor and the insertion of the 
teres major. The fibres run distally to the olecranon and obtain 
fibres from the posterior aspect of the shaft of the humerus along 
the upper half. 

(4) The anconeus arises from tlie distal half of the shaft of the 
humerus in the same plane as the medial head. It is quite 
distinct from the medial head of tlie triceps and is inserted 
directly into the olecranon and into the lateral part of the main 
tendon. 

(6) The dorso-epitrochlearis arises from the lower margin of 
the latissimus dorsi before it jwsses deep to the long head of the 
triceps. The nei*ve supplying this part of the triceps is from 
the nerve to the latissimus clorsi. 

Biceps M , — Long head arises from tlie upper margin of the lip 
of the glenoid fossa of the scapula. The tendon is embedded in 
the capsule of the shoulder-joint deep to the fibrous capsule. 
Tbe tunnel in which it passes downwarris is attached to the lips 
of the bicipital groove of the humerus which is well marked. 
The short head is a very thin strip of muscle and tendon whicH 
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arises in common with the superficial part of the coraco- 
brachialis from the coracoid process of the scapula. The short 
head joins with the long head about the level of the deltoid 
insertion. The fibres blend and form a common mass which 
passes into the forearm and finds insertion into the bicipital 
tubercle of the radius. The tendon is narrow and the muscle 
fibres do not end until very close to the insertion. There is no 
reinforcement of the deep fascia of the antecubital fossa from the 
tendon of the muscle. 

Coraco’-ffrachialis M , — Tlie origin of this muscle arises in two 
parts from the coracoid process of the scapula. The superficial 
part arises from the tip of the process in common with the 
tendon of origin of the short head of the biceps. Tliis portion is 
inserted into the medial epicoridylar ridge of the ljuinerus. Ihe 
deep part arises from the coracoid deep to the supei*ficial portion 
and passes into the shaft of the humerus just distal to the hea<l, 
above the level of the insertion of the latissinuis dorsi. The 
inusculo-vSj»iral nerve passes between the two parts. 

Brachlalis antiats Af , — Arising from the shaft of the liumerns 
immediately distal to the insertion of the deltoid and from the 
antei’ior edge of tlie Jatenil epic’ondylar ri<3ge, the fibres pass 
distally into the f<uearm to be inserted into the coronoid process 
of the ulna. The upper pari of the origin passes above the 
deltoid insertion on the outer side of the shaft and so forms the 
lateral boundary of the musculo-spiral groove. 

Extensor Musmlatvre of the Forearm. 

Supinator longus Jf . — The origin of this muscle is from the 
highest part of the lateral epicondylar ridge of the humerus. 
The fibres pass downwards into the forearm and are inserted 
by means of a very thin tendon into tlie radius at the base of the 
styloid process. 

Entensor carpi radialis lo7\ym M . — The fibres of origin of this 
muscle arise slightly lower dowm tlie lateral epicondylar ridge of 
the humerus. The origin is common to both the supinator 
longUs and the extensor carpi radialis longus, and it is almost 
impossible to separate the two masses from each other at the 
oi’igin. The muscle is tendinous throughout the lower half of 
its course. At the base of the styloid process of the radius the 
tendon lies deep to the tendon of insertion of the abductor 
pollicis longus. Tliis tendon crosses from the ulnar side to the 
radial side of the forearm to reach the pollex. The insertion of 
the musele is into the base of the first metacarpal bone. In tins 
it diflei'S from the condition found in Tar sins. 

Mxitmor carpi radialis hrevis M . — Like the previous tw’o 
muscles this mass arises from the lateral epicondylar ridge of the 
humerus. The tenden passes deep to the abductor pollicis longus 
and the extensor pollicis longus. The insertion is into the base 
of the second metacarpal. 
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Text-figure 28. 



Flexor muscles of the forearm and liand. 

F.D.S. Flexor sublimis dij^itorum M. F.I).r. Flexor digitorum profundus M. 
F.P.T. Flexor protundus tendon. F.S.T. Flexor sublimis tendon. L. 
Lumbrical Mm. Ad.P. Adductor poilicis M, Transverse and oblique parte 
were present hi this specimen. F.P.B. Flexor pollicis brevis M. F.P.L. 
Plexor polHcis loiif^us M. Ab.P, Abductor polUcis M. F.C.R. Flexor carpi 
radialie M. B.H. Supinator longue M. P.L. Pahnaris longus M. P.B. 
Palmaris brevis M. Ab.D.Q. Abductor digiti quinti M. F.S.D.Q. Plexor 
brevis digiti quinti M. 
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Extensor digitorum communis M . — Tiie muscle arises from the 
lateral epicoudyle of the humerus. The muscle is a very weak 
mass, the muscle fibres being replaced by tendon about the mid- 
point of the forearm. The small tendon passes deep to the 
dorsal annular ligament and over the carpus it splits into five 
thin slips to each of tlie five digits. 'Fhe insertions are into the 
dorsal surbices of the bases of the terminal phalanges where the 
tendons come into intimate relation with the base of the claws. 
As the tendons pass over the inter-phalangeal joints the fibres 
expand and some are inserted into the lateral ligaments of the 
joint capsules. 

Exte^isor minimi diyiti M , — Hiis muscle arises to the ulnar 
side of the common extensor of the lingers as a thin mass of 
fibres. At about the same point as the common extensor the 
tendon of insertion appeals. There are muscular fibres on the 
deep surface of the mass as far <li.stal as tlie dorsal annular liga- 
ment. After passing under the ligament the tendon divides into 
two parts. The division is appai’ent for about five or six milli- 
metres before the tendon passes und€*r the annular ligament. 
The two temions divei ge, one in a radial and one in an ulnar 
direction. The ulnai tendon lies considerably to the ulnar side 
of the slip of tendon of the common exteusoi' g«)ing to the fifth 
<ligit. Tlie two fibres unite over the first interphalangeal joint. 
The radial sli}> passes deej) to tlie slip of tlie common extensor to 
the fifth digit and passes along the ulnar side of the fourth digit 
joining the common extensor tendon (long) over the first inter- 
phalangeal joint. 

Extensor carpi id navis M , — The fibres arise from the lateral 
epicondyle of the humerus, from the ulnar side of the olec*ranon 
process, ami the ligamentous structures between these two bones. 
They form a well defined fleshy mass which becomes tendimms 
on the outer hide half-way to the* annular ligament. The tendon 
is fully formed as it pa.sses under tlie ligament. The tendon lies 
in a separate comjiartment on the ulnar side of the long extensor 
tendon and the extensor minimi digiti. The insertion is into 
the base of the fifth metacarpal. 

Ahductus long us poll ids — ^The fibres arise from the upper 
two-thirds of the dorsal surface of the radius from the interos- 
seous meinlirane along its proximal half and from the iipjier 
part of the shaft of the ulna close to the insertion of tlie 
interosseous membrane. The muscle lies on the dorsal surface of 
the radius and crosses superficial to the radial carpal extensors. 
The tendon is inserted into the radial surface of the base of Ihe 
first metacarpal bone. The tendon lies in a tunnel formed 
between the dorsal carpal ligament and the radial margin of the 
carpus. 

Extensor longus poUicis M , — This muscle is entirely wanting 
in the specimens dissecl^ed. 

Extensor iridicis J/.— The muscle arises from the ujna along 
the upper two-thirds of its dorsal border. The muscle is r very 
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thin slip, and a tendon appears on its dorsal aspect about the 
mid-^point of the ulna. This tendon separates off to the radial 
side, and the remainder of the muscle forms another tendon on 
the ulnar si<le. The foi*iner tendon passes in the deepest pare 
of the tunnel beneath the dorsal annular ligament, and over the 
middle of the shaft of the second metacarpal it splits into two 
slips, a radial going to the first digit and forming the long 
extensor of that digit. The remainder of the tendon passes on, 
lying on a deeper plane than the common extensor tendons and 
fuses with the extenvsor tendon to the second digit over the first 
interpbnlangeal joint. The tendon formed on the ulnar side of 
the muscle in the forearm lies on a deeper plane than the radial 
tendon in the carpal tunnel. It passes into the third digit and 
fuses with its long extensor tendon in the same way astlie radial 
part of tlie muscle. A very thin slip passes to the long extensor 
tendon of the fourth digit. The connection was not true tendon 
but was, as Woollard found in Tarsins^ a fascinl connection. 
Tliere is no radial origin in any of the five specimens dissected. 

Flexor Mt(scidatu7'e of the Forearm. 

Fronator radii teres M, — The fibres arise from the medial 
epicondyle of tin' humerus towards the deeper aspect of the 
process. The fibres, which are never more tlian two centimetres 
long, sweep outwards to the raxlius and are inserted over the 
middle third of the shaft of the bone. The median nerve lies 
deep to the muscle. 

Flexor carpi radlalis M, — 1'he inuscle arises more from the 
medial side of the common flexor origin tlian the pronator radii 
teres. The mxiscle fibres end about half-way along the forearm 
in a tendon. The tendon passes in the tunnel beneath the 
transverse carpal ligament and is inserted into the base of the 
second metacarpal. 

Palmaris longus M. — The muscle fibres composing this mnscle 
cannot be defined from the main flexor mass arising from the 
medial epicondyle until just a few millimetres from the origin of 
the tendon of insertion of the muscle. The tendon, which is a 
very thin structure, passes downwards ovei* the transverse carpal 
ligament, where it becomes flattened out into a thin sheet of 
fascia which covers the whole of the palm. Tin’s slieet is very 
thin and has attached to it the fatty and fibrous tissue composing 
the pads of the palmar surface of the hand. 

Flexor carpi ulnaru M. — Arising from the common origin of 
the flexors the muscle obtains fibres also from the posterior part 
of the elbow-joint, the medial edge of the olecranon, and the 
shaft of the ulna along its medial border for the upper two- 
thirds of the length of the shaft. Fibres are also arising from 
the deep fascia of the forearm. The tendon does not appear 
until the muscle reaches the distal third of the forearm when it 
separates as a thick mass to be attached to the fifth metacarpal 
via the pisiform bone. 
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Flexor auhlimis digitorum M , — This very thin mass of muscle 
fibres arises by a narrow thin tendon from tlie median epicondyle 
of the humerus. In the distal third of the arm the muscle 
breaks up into four tendons which proce€>d to the medial four 
digits. Over the metacarpo-phalangeal joints the tendons lie in a 
gutter formed by the division of tlm profundus tendon. They 
split into two about the middle of the shaft of the proximal 
piialanx and, continuing alongside the profundus tendon, they 
unite below it at the first interpbalangeal joint and are inserted 
along the distal margin of the capsule of the joint into the base 
of the second phalanx. The muscle is extremely tliin and the 
insertions are very weak. It is possible that a number of 
the fibres are attached to the lateral ligaments of the first inter- 
phalangeal joint. 

Flexor profundus digitorum J/. — There is no connection 
between this muscle and the sublimis. The muscle is easily 
three times greater in bulk than the sublimis. The origin is 
very extensive fibres arising from the medial epicondyle of the 
humerus, the medial surface of the ulna in its upper half, the 
interosseous membrane, and the upper two-thirds of the shaft 
of the radius on its anterior surface. It is impossible to make a 
real separation between the profundus and the flexor pollicis 
longus. They are bound together miich more closely than in 
Tarsiusu There is no common tendon formed which afterwards 
breaks uj) into llie slips to the various digits. On the contrary, 
the muscle is split up from its origin into six well-marked 
tendons. These tendons are connected to each other by 
tendinous slips while in the carpal tunnel (text-figure 28). 

Leaving aside the flexor pollicis longus portion, the tendons of 
the profundus when they enter the carpal tunnel give off con- 
necting tendons which unite the several tendons with their 
fellows on each side. The most lateral tendon receives a 
connection from the pollicis longus, and the most medial tendon 
gives off a connection to its fellow on the lateral side. From 
this tendinous plexus four tendons arise which pass into tlie 
medial digits. The tendons are bound down over the metacarpo- 
phalangeal joints and over the iuterphalangeal joints lying in a 
tunnel in the capsule of the joint cavity. The relation of the 
sublimis tendon is described above. The tendons continue 
distslly and are inserted into the terminal phalanges on the 
ventral or palmar surface. The terminal pads are firmly attached 
to the tendons at their insertions. 

Flexor pollicis longus i/.— The fibres of origin of this muscle 
form the most lateral part of the origin of the profundus mass. 
They arise entirely from the mdial shaft and by a thin tendon 
from the medial epicondyle of the humerus. At the entrance to 
the carpal tunnel it gives off a slip from the tendon to the 
tendon of the most lateral of the profundus tendons. On leaving 
the tunnel it gives off another slip to the tendon to the index 
finger. There is no fusion of the tendons of the longus pollicis 
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and the lateral tendon of the profundus. The insertion of the 
tendon is into the base of the terminal phalanx of the pollex. 

Pronator quadratus M, — This is a small muscle which extends 
for less than one fourth of the length of the radius and ulna. 
The ulnar origin extends upwards as far as the upper limit of 
the distal third of tiie forearm, and sloping across to the radius 
it is inserted into that bone over a small area of the palmar 
surface of the radius and the lateral border of the bone. The 
volar interosseus nerve pjisses deep to the muscle fibres and lies 
on the interosseous membrane. 

Muscles of the Hand, 

Pidmaris brevis J/.— This is represented by a few muscular 
fibres which lie deef> to the skin of the hypothenar eminence. 
It is covering the whole of the area of the hypothenar pads. 
The fibres arise from the medial side of the transverse carpal 
ligament and are inserted into the fascia over the head of the 
metacarpal bone. 

Lumhriccds, — The lumbrical muscles are four in number and 
are very well developed. Tliey arise fiom the radial side of the 
profundus tendons to the lateral three digits. There is no 
origin from the flexor pollicis longus muscle. The lumbrical 
muscle to the fifth digit arises from the ulnar side of the tendon 
to the fourth digit. They all pass to the lateral side of the 
profundus tendons and are inserted into the base of the proximal 
phalanx and into the dorsal expansion of the metacarpo- 
phalangeal joints. 

Abductor ^^oUicis brevis M, — This is a very thin mass of 
muscle. It arises from the trapezium and the transverse carpal 
ligament at its radial side. The fibres pass upwards on the 
radial side of the metacarpal and are inserted into the base of 
the first phalanx. 

Adductor pollicis Jf. — This muscle is present in JIapale. 

Flexor brevis pollicis J/.— The flexor brevis pollicis arises 
mainly from the trapezium, A few fibres arise from the radial 
edge of the transverse carpal ligament along with the fibres of 
the abductor pollicis. The fibres are inserted into the radial and 
ulnar sides of the base of the first phalanx. They foi'm a very 
strong short flexor. 

Opponens pollicis M, — This muscle is absent in all the 
specimens dissected. 

Abductor minimi digiti Jf. — Arises from the ulnar edge of the 
transverse carpal ligament, the superficial surface of the pisiform, 
and from the carpal surface of the unciform bone. It is inserted 
into the dorsal extensor expansion over the metacarpo*phalangeal 
joint and into the ulnar side of the base of the first phalanx. 

Flexor brevis minimi dngiti M. — This small muscle arises from 
the unciform and is inserted into the base of the first phalanx. 
It is quite separate from the abductor minimi digiti. 
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Opponms minimi digiti M. — ^Tliis muscle is absent in Hapale, 

Peseta* interoaaei Mm, — The palmar interossei and the dorsal 
interossei form a continuous mass of muscle fibres on the carpal 
surfaces of the metacarpal bones. There are eight muscles. 
Two muscles are present for each interdigital cleft. The fibres 
run upwards along the metacarpal bones and become attached to 
the lateral parts of the capsules of the metacarpo-phalangeal 
joints. There is no continuation upwards of the tendons or 
insertion as takes place in Taraiits, In this respect the inter- 
ossei, although arising as in Tarsius, have a different insertion 
and different function. 

The Muscles of the Lower Extremity, 

Anterior Femoral Begion. 

Sartorius M. arises from the anterior superior spine of the 
ilium. It is a thin strap-like muscle which expands as it nears 
its insertion along the medial surface of the upper part of the 
tibia. It lies superficial to the insertion of the gracilis and semi- 
tendinosus tendons. It is supplied by the femoral nerve. 
Jamieson (1904) describes the insertion as much more limited 
than the above description and states that the muscle has the same 
width throughout all its course. Some of the muscle fibres ai iso 
from the ventral edge of the ilium, being thus intermediate 
between the condition in the Lemui*s, where the whole origin is 
along this region, and the condition in the higher monkeys, where 
the origin is confined to a very small area of the ventral edge of 
the ilium. 

Rectus femoris M, has two heads of origin : (a) a straight head 
from the anterior inferior iliac spine and a small area of bone 
lateral to it, and (6) a reflected head from the bone immediately 
above the acetabulum. Jamieson has described a long tendon 
embediled within the substance of the rectus, which is continuous 
with the reflected head. I have found this tendon to be present 
only in three cases out of six dissected. When present it has the 
relations he describes. The muscle is inserted into the upper 
edge of the patella by tendinous fibres, very few muscle fibres 
reaching the bone. The anterior tendinous fibres are continued 
superficial to the patella to reach the ligament um patellj© and 
thus are inserted into the tibial tubercle. 

Vastus lateralis M, arises from the lower part of the great 
trochanter of the femur and from the upper half of the outer or 
lateral surface of the shaft of the femur. The fibres form a large 
mass which converges on a tendinous sheet to be inserted into 
the lateral aspect of the patella. The vastus does not obtain any 
fibres of origin from the linea aspera. 

Vastus w^ialis M. has a small origin from the inner half of 
the anterior intertrochanteric Une and from the femur imme- 
diately below this. The origin is a small area compared with that 
in the higher primates. The fibres form a fusiform mass which 
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ocmverges on the inner border of the patella. The vaeti as they 
approach the patella give off fibrous expansions which, on the 
lateral side, is attached to the lateral aspect of the capsule of the 
knee-joint and also witli the fascia covering the lateral as{)ect of 
the leg. The expansion from the vastus in tern us is inserted 


Text-figure 29. 



The superficial muscles of the lateral thi^h region. 


S.T.B. Sartorius M. T.F.F. Tensor fascite femorig M. B. Biceps M. T.A, 
Tibialis anticus M. P.L. Peroiieus longus M. P.B. Poroneus brevis M. 
Gast. Lateral head of gastrocnemius M. S.T. Semitendinosus M, G.M. 
Gluteus maximus M. C.K. Extensor muscles of the tail. 


similarly. It reaches to the internal lateral ligament and is con- 
tinued down to be attached to the upper margin of the insertion 
of the sartorius. 

The main tendons of the vasti send their superficial fibres deep 
to the rectus tendon and superficial to the crui-eus. These fibres 
reach the upper border of the patella into which they are 
inserted. 

Crurm$ M. arises from the upper three-fourths of the shaft of 
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the femur. The upper fibres lie between the origins of the vasti 
muscles. It is a rather thin muscle, and as it passes down the 
shaft, fibres converge on it from the lateral and medial surfaces of 
the femur. Jamieson has described, on the deep surface of the 
blended tendons of the vasti, a small piece of cartilage into the 
superficial aspect of which the blended vasti tendons are inserted 
and into whose deep surface the crureus is attached. This con- 
dition was found to be constant in almost all the specimens 
examined. In two animals the cartilage had fused with the 
patella and had become ossified. 


Text-figure 30. 



The deep muscles of the lateral thigh region. 

G.M. Gluteus raaximus M. G.Mu. Gluteus minimus M. H.F. Rectus femoris M. 
S/r.U. Sartorius M. V.L. Vastus lateralis M. R. Biceps M. L.H.G. Lateral 
head of gastrocnemius M. S.M. Semi-membranosusM. S.T. Semitendinosus 
M. Q,F, Quadratus femoris M. O.I. Obturator interims and gemalli 
muscles. Vy, Piriformis M. O.F. Caudo^femoralis M. 

The main mass of the fibres of the crureus are inserted into the 
cartilage or its ossified representative, but some of the deep fibres 
are attached to the synovial mem brants, which forms a pouch 
passing superior to the patella^ Tiiese fibres, as Jamieson has 
noted, could not be separated off from the main ma&s of the 
crureus. 

The quadriceps is supplied by fibres from the anterior crural 
or femoral nerve. The Lemurine condition, as shown by Murie 
and Mivart in Qalago (1872), is identical with the condition in 
Hapale, 

Proc. Zool. Soc,— 1927, No. XLIV. 
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The Adductor Group of Muscles, 

Dr. A. B. Appleton, of Cambridge University, has supplied me 
witVi his conclusions based on the dissection of several specimens 
of Hapale, I am deeply indebted to him for this information, 
which has confirmed the observations which 1 have made on this 
region. 

He states : — “ The adductor musculature consists of 

{a) Adductor magnus, 

(h) Adductor brevis. 

(c) An inconstant Adductor longus anti 
{d) a series of accessory adductor muscles. 

The accessory adductor muscles are attached proximally to the 
Art. perforans prima. Two of them are attaclu^d in common 
with the pectineus to a groove proximal to the nutrient branch 
from the Art. perforans prima. The third accessory adductor 
muscle is attached more laterally. The attachment of these 
muscles confers on them a lateral rotary action (on the femur 
relative to the pelvis). 

The distal part of the adductor magnus proper is attached to the 
femur between thecaudo-femoralisand the prie-semimembranosus. 
A slight groove marks the site of the attachment of its middle part. 
The site of the attachment of the mm. adductores brevis and 
longus is marked by a groove. The femoro-coccygeus is attached 
to a septal line (lateral) extending distally from the third 
trochanter as far as the insertion of the cnudo-femoralis and 
lateral to it. The quadratus femoris has a restricted attachment 
to the margin of the quadrate fossa about the level of the lesser 
trochanter. The medial circumflex artery passes between the 
quadratus femoris and the ilio-psons on the one hand and Ihe 
pectineus and the adductor musculature on the other. 

The nerve to the gracilis m. separates the adductores into two 
groups ; it passes between 

(а) the adductor longus, pectineus and the first accessory 

adductor and 

(б) the other adductor muscles. 

The nerve to the gracilis is associated with the nerves which 
with it make up the dorsal division of the obturator nerve. The 
muscles supplied by this division of the obturator nerve are all 
the adductors with the exception of the adductor magnus and the 
third accessary adductor muscle. 

The thigh and buttock of Hapale jacchus pi'esents a structural 
pattern of a primitive Eutherian type. In the retention of a 
m, teauissimus and the incomplete difterentiation of the gluteus 
maxim us and the femoro-ooccygeus it presents features found in 
many Primates as well as in various other Eutheria. But in the 
retention of a dorsal head to the hamstring musculature (here 
represented by a caudal head of the semitendinosus) it presents a 
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primitive feature not yet observed in any other Primate or 
Prosimian, though it is found in Tupaia ferr. and in the more 
primitive members of various mammalian orders. There is also 
a caudo-fomoralis with caudal origin as in Tupaia (but unlike 
Macroscelides), This muscle is retained in various Prosimise, but 
has not yet been observed in other Primates. 

Some differentiation of proximal ly- inserted accessory adductor 
muscles lias occtirred, with attachments conferring on them a 
lateral rotator effect on the tln'gh. The peculiar distal extension 
of the insertion of the quadr.itus fernoris found in some Prosimise 
has not occurred in liapale. 

The thigh of liapale presents in the arrangements of muscles, 
norvos, and arteries a very close resemblance to the thigh structure 
f)f Tupaia ferr,^ differing mainly in the differentiation of the 
series of accessory adductor muscles. Both Macroacelides and 
7\irsim pres(uit considerable modifications of the primitive 
pattern seen in ITapahT 

Posterior Femoral Region. 

Tensor fascia* fernoris M, has been <lescrihed by Jamieson as 
being divided into two parts, an inferior and a superior. This 
division is, i think, entirely artificin], as I have specimens which 
show all the stages between two distinct muscles and a single 
rnnscle mass, fn Uapale the muscle is quite independent of the 
gluteus maxi niiis m. It arises from the ilium along its boi*der below 
tin* anterior superior spine and from the fascia which covers the 
gluteus medius, as far hack as the posttudor superior iliac spine. 
The fibres converge rapully and are inserte<l into the fascia lata 
of the thigh in the region distal to the great trochanter. 
Anteriorly the fibres may blend or may be separate from the 
inferior part described by eJamieson. This latter part arises from 
the I’egion of the anterior inferior s[)ine lateral to the pi'ocess 
itself. Tiie fibres lie deep to the fibres from the upper part of 
the ilium ami are inserted into the fascia lata slightly distal to 
the insertion of the upper fibres. 

The nerve*supply is from the superior gluteal nerve. Maca lister 
has described as an anomaly in Man the division of the tensor 
into two parts, a superficial and a deep. This would parallel the 
condition found in some specimens of liapale. 

Glutens marimus M. consists of two portions closely uuiteil. 
The two parts are only separable at their origins — the superficial 
or more cephalic head arises from the lumbar fascia, which lies 
superficial to the erector spin© fhass of muscle in the vertebral 
groove, and the deep, which arises fi*om the caudal vertebra? 
ventral to this erector mass. The superficial portion is thin, and 
as it passes into the thigh the deeper fibres converge on a thin 
tendon which is inserted into the base of the great trochanter on 
its lateral aspect. The superficial fibi^es are inserted into the 
femur in common with the deep part of the muscle. This latter 

44 * 
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part arises from the lateral surface of the caudal vertebr£e by two 
distinct heads of origin. One lies superficial to the ilio-coccygeal 
and supra-caudal muscles and the other deep to this mass. 
The two parts unite and are inserted into tl)e femur along its 
posterior aspect for the u})per two-thirds of the shaft. Between 
the iiamstrin^js niid the gluteus maximus there is a strong inter- 
muscular septum which is given oft' from the fascia lata and v^hich 
is attached to the posterior surface of tlie femur. Into this sept um 
a number of the fibres of the superficial part of the muscle are 
inserted. Jamieson describes a considerable amount of muscle as 
being inserted into the fascia lata in common with the tensor 
fascia femoris. I did not find this as extensive as he lias 
described . 

The nerve-supply of the muscle is from two distinct nerves 
from the great sciatic. One branch goes to tlie superficial and 
one to the deep portion of the muscle. 

Gluteus medius M, arises from the dorsal part of the latei*al 
surface of the wing of the ilium, from the posterior fibres of the 
sacro-iliac joint, and from the dorso- lateral part of the first caudal 
vertebra. The muscle is large and converges on the upper part 
of the great trochanter, into which it is inserted as well as into a 
small area on the posterior surface. The muscle is supplied bj? 
the superior gluteal nerve. 

Olutms minimus M. — The gluteus minimus varies considei ably 
in the formation of its several buiulles, Jamieson has describeil 
four separate masses of muscle as entering into the composition 
of the muscle. It is most constant to find a separate anterior 
portion which would correspond to a scansorius, but the three 
other divisions are never quite so distinct as has been described 
by the above author. The origin of the muscle w^as from the 
dorsum of the ilium over the posterior half of this surface. 1’he 
fibres converge on the great trochanter and are inserted into its 
anterior and upper surface. 

Scansorius M, — This muscle is in reality a portion of tlie 
gluteus minimus in the animals 1 liave dissected. It is the most 
anterior part of the gluteus minimus and has a separate existence, 
until just before it is inserted into the trochanter. It develops a 
thin tendon which passes superficial to all the other j)a,rts of the 
gluteus minimus and is inserted into the lateral aspect of the great 
trochanter. The nerve-supply to the minimus and to the scaii- 
sorious is from the superior gluteal nerve. 

Gemellus superior M, arises from the region of the small 
ischial spine and is inserted into the obturator intern us tendon. 

Gemellus inferior M. is almost twice the size of the superior. 
It arises from the ischial tuberority and is inserted into the 
obturator internus tendon. The superior is supplied by a small 
nerve from the great sciatic nerve, and the inferior receives its 
nerve-supply from the nerve to the quadratus femoris. 

Obturator inUmus M. anses from the obturator membrane and 
from the bones suiTounding the obturator foramen. The muscle 
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obtains fibres from the bone ns high as the upper limit of the 
superior ramus. 'Fhe tendon passes out of the pelvis over the 
ischium in the lesser sciatic notch which is relatively poorly 
marked. The tendon on reaching the thigh is covered over by 
the geinelli except near the insertion, which is on the medial side 
of the great trochanter in a small depression at the base of the 
trochanter. It is supplied by the great sciatic nerve through a 
small branch which is sometimes united with the internal 
puderndal nerve. 

Obturator externus J/. arises from the femoral aspect of the 
obturator membrane and from the bone on the medial, upper, and 
lower margins of the ol)turaior foramen. The tendon is thick 
and lies in relation to the neck of the femur and is inserted into 
the neck near the insertion of the tendon of tlie obturator interiius. 
'rhe actual irwertion is into the base of tlie digital fossa. The 
muscle is supplied by tiie obturator nerve. 

Piriformis il/. — This muscle is quite distinct in Ilapale. It 
arises from the three pieces of the sacrum along the line of the 
anterior sacral foramina. The fibi‘es converge on a small tendon 
whicli is inserted into the upper limit of the great trochanter. 
It is supplied by a nerve direct from the plexus which comes from 
the last lumbar ner^*e, Tlie first sacral sends a small branch to 
tile nerve in some cases. 

i.^audo-femoralis M , — The caudo-femoralis arises from the first 
aii<l sometimes also derives fibres from the second caudal vertebra. 
The muscle is close to the origin of the semi-tendinosus from the 
caudal vertebrje. It lies deep to the origin of the gluteus maximus 
from this region. It is separated ofi’ from thi.s muscle by the 
great sciatic nerve. Tlie insertion is into the posterior surface of 
the femur in its middle third. The fibres of insertion are in close 
relation to the insertion of the gluteus maximus. Some of the 
fibres are inserted into the intermuscular septum between the 
hamstrings and the gluteus maximus. J have only found a single 
nerve- supply from the nerve to the hamstrings from the great 
sciatic, and have not observed the connection from the nerve to 
the gemellus inferior described by damieson. I agree with 
Jamieson that the muscle arose close to the origin of the semi- 
teudinosus and not in con junction with the origin of this muscle 
as described by Windle (1886). 

fliacus iU. arises from the internal surface of the ilium. In 
this region it is almost covered by the large l^elly of the psoas. 
It is in relation abox^e with the origin of the quadiutus liunborum 
from the ilium. The muscle passes under the inguinal ligament 
lateral to the psoas magnus, Rnd in the region of the lesser 
trochanter it is inserted into the psoas magnus and into the lesser 
trochanter and a small area of the femoral shaft immediately 
distal to it. The nerve-supply is derived from the femoral 
nerve. 

Psoas magnus M. arises from the anterior aspects of the bodies 
of the second, third, fourth, fifth, and sixth lumbar vertebrre and 
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from the intervertebiBl discs. Sometimes the slip from the 
second lumbar is absent, and then it is usxml to find a small slip 
from the first sacral. The muscle lies close to the bodies of 
the vertebrae and passing under the inguinal ligament is inserted 
into the lesser trochanter. It is supplied by the third and fourth 


Text-figure 31. 



The muscles of the medial side of the thigh. 

V.M. Vastus medinlis M. R.F. Rectus /emorUM. S.T.B. SartoriusM. 11. Iliacis 
M. Ps, Psoas major M. P. Pectiuous M. A.B. Adductor brevis 
A.M. Adductor magnus M. P.S.M. Pre-semimembranosus M. S.T. Semi- 
tendiuosus M. G.R.C. Gracilis M. G. Medial head of gastrocnemius M. 

lumbar nerves and sometimes also receives a branch from the 
femoral. 

Paoaa pofrvuz M, lies on the abdominal aspect of the above 
muscle. It is closely blended with the psoas magnus at its origin, 
but separates off from the psoas magnus and forms a thin tendon. 
The muscle arises from the second and third lumbar vertebrae. 
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The tendon extends throughout two-thirds of the length of the 
muscle and is inserted into the superior ramus of the os innomi- 
natum medial to the point where the psoas magnus crosses that 
structure. There was no fascial insertion. 

Quadratua lumhorum M, arises from the posterior part of the 
iliac crest and also from an area of the abdominal surface of 
the ala of the ilium. It i)asses upwards as a thin quadrilateral 
muscle and is inserted into the lower edge of the last rib and also 
sends fibres to the transverse processes of the lumbar vertebrse. 
It is supplied by branches from the last thoracic nerve and from 
the upper three lumbar nerves. 

Flexor Region, 

Biceps fetnoHs M, — The muscle arises from the posterior aspect 
of the ischial tuberosity in conjunction witli the semi-tendinosus. 
These two muscles are separated by a strong tendinous band from 
which they both derive muscle tibres. This tendon is attached to 
the ischial tuberosity. Tlie muscle fibres form a large belly which 
later spreads out into a sheet of muscle. This in turn gives rise 
to a tliiu aponeurotic expansion which is inserted into the deep 
fascia of the upper part of the leg, the heaii of the fibula, the 
upper part of the lateral condyle of the tibia, and some fibres are 
seen to pass into the aiitero-lateral part of the capsule of the knee- 
joint. Tlie insertion into the capsule is not constant. The fibres 
whicli are attached to the head of the fibula are not many, but 
they constitute a considerable insertion. The muscle is supplied 
by the nerve to the hamstrings from the great sciatic nerve. 
There is no trace of a short head. 

Seini-memhranoaua M, — The pre-semimembranosus has been 
described with the adductor magnus. The semi-membranosus 
proper arises from the ischial tuberosity close to the origin of the 
semi-tendino8us. The muscle is inserted into the medial surface 
of the medial condyle of the tibia. The tendon of insertion gains 
this position by passing deep to the internal lateral ligament of 
the knee-joint. From the tendon, fibres are given off to the liga- 
ment, and some course deep to the tendon of origin of the medial 
head of the gastrocnemius to reach the posterior ligament of tn© 
knee-joint. The relations of the tendon are discussed more fully 
in the section on the knee-joint. The pre-semimem branosus can 
be separated off from the semi-membranosus proper throughout 
the whole of the course of the muscle. 

Semi-tendinoaua M. — This muscle arises in common with the 
biceps from the ischial tuberosjty and also by a second head of 
origin from the first caudal rertebiw close to the origin of the 
caudo-femoralis. The two blend rapidly after the fibres leave 
the ischium, and form a thick mass of muscle. The tendon lies 
sujperficial to the semi-membranosus in the region of the knee- 
joint, and gains the medial surface of the shaft of the tibia d^p 
to the gracilis and thesartorious. The tendon is often fused with 
the tendon of insertion of the gracilis. 




The muFclcs of the anterior region of the leg and of the dorsum of the foot. 

T.A. Tibialis anticus M. E.H.L. Extensor hallncis longus M. E.D.L. Extensor 
digitorum longus M. E.H.B. Extensor hallncis brevis M* M.P.I. Medial 
plantar interosseous M. P.D.Q. Peroneus digit! quint! M. E.P.B. Extensor 
digitorum brevis M. P.B. Peroneus brevis M. P.L. Peroneus longus 
Tud.Ach. Tendo achilles. 
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Tihio-fibular Region {Extensor Group)* 

Tibialis Anticus M , — Tlie muscle arises from the lower margin 
of the lateral condyle of the tibia and from the upper two-thirds 
of the shaft. The tendon passes under the dorsal annular liga- 
ment, where it is seen to expand slightly and to split into two 
slips. The medial tendon is inserted into the medial surface of 
the medial cuneiform bone, and the lateral tendon into the head 
of the first metatarsal. 

Extensor If allude Longits J/. — This is a very thin slip of muscle 
which obtains its origin from the interosseous membrane about its 
middle third. It lies deep to the tibialis anticus. The tendon 
appears before passing luuler the dorsal annular ligament, where it 
lies lateral to the tibialis anticus. It is inserted into the terminal 
phalanx of the hallux. The tendon is bound down to the tarsus 
and to tlie head of tlie first phalanx by definite bands of deep 
fascia-, through which the tendon glides. 

Extensor Dujitorum Long us AL — ^^riie fibres arise from the 
lower margin of the lateral condyle of the tibia, from the inter- 
osseous membrane, and the whole length of the interosseous 
border of the fibula. Two muscular bellies are formed which 
give origin to two tendons, one superficial and the other deep. 
The deep tendon comes to lie on the inner side of the superficial 
tendon as they both pass beneath the dorsal annular ligament. 
Over the proximal parts of the shafts of the metatarsals the 
tendons become bound together, and give rise to four slips which 
are inserted into tlie bases of the terminal phalanges of the second, 
thiid, fourth, and fifth digits. Over the tarsal region they are 
bound down in the same way as the tendon of the extensor 
hallucis. 

Peroneus Long us AL — The muscle arises from the head of the 
fibula, from the fibrous septum between the extensors and the 
peronei groups, and from the lateral surface of the fibula along 
the upper half of the shaft. Then tendon passes downwards 
behind the lateral malleolus. 

Peroneus Brevis AL — This muscle arises from the lateral surface 
of the shaft of the fibula over its lower two-thirds. The fibres 
form a strong tendon which passes behind the lateral malleolus 
and is inserted into the base of the fifth metatarsal. 

Perone^is Quarti Digiti AL — This muscle is absent. 

Peroneus Quinti Digiti Af , — This small muscle arises from the 
upper half of the posterior edge of the lateral surface of the fibula 
deep to the peroneus lougus. The tendon lies close to the tendon 
of the peroneus brevis along its inner border, and is inserted into 
the dorsal extensor expansion ol the fifth digit. 

Peroneus Tertim Jlf.— This muscle is absent in Hapuh. 

In passing behind the lateral malleolus the tendons are bound 
down to the os calcis by strong bands of fascia which are in turn 
covered by a ligament passing from the tip of the lateral malleolus 
to the lateral surface of the os oalcis. 
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Tihio-fihular Region {Flexor Group), 

M, Qmtromemms has two heads of oingin — a medial head from 
the upper and posterior part of the medial condyle of the femur, 
and a lateral from the corresponding area on the lateral condyle. 
The origins are tendinous until they pass over the posterior 
aspect of the knee-joint. In each tendon there is a sesamoid 
bone which articulates with the posterior articular area of the 


Text-iigure 33. 



The Sexor rogiou of the leg. 

F.Tib. Flexor dig. long, tibialis. P.Fib. Flexor dig. long, fibalaris. G. Gnstro- 
cnemins M. P. Poplitens. S. Soleus. Tib. A. Tibialis auticue. Tib.P. 
Tibialis posticus. T.A. Teiido achilles. Tib. Tibia. 

lower end of the femur. The muscle fibres form the main 
mass of the flexor group. In the middle of the leg the tendo 
Achilles appears, and the muscle fibres become inserted into its 
lateral side. The tendon is inserted into the upper edge aud the 
posterior surface of the os calcis. 

if. Sohua is a thin mass of muscle which arises from the 
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posterior surface of the head o£ the fibula. The origin is tendinous 
and the muscle fibres only appear in a few millimetres before it 
fuses with the gastrocnemius. 

M. riantaris is relatively thin. It arises from the lateral 
condyle of the femur near the origin of the lateral head of the 
gastrocnemius and from the tendon of origin of that muscle. It 
forms a thin tendon which lies on the medial side of the tendo 
Achilles in the lower part of the leg. It is inserted into the 
plantar fascia. In some specimens tlie tendon fuses with the 
tendo Acliilies, and in two specimens the muscle was so blended 
with the lateral liead of tlie gastrocnemius that it was impossible 
to sepaiate the two muscles. 

M. Idexor Loi^yiis JJUjitorum. TihiuUs ari.ses from the upper 
half of the posterior surface of the tibia and forms a tendon wliich 
passes below the medial anindar ligament. In the middle of the 
sole over the middle of the shafts of the third and fourth meta- 
tarsals the tendon fuses uith the fihularis tendon to tlie digits. 
From the medial side of the tendon a thin tendon arises which is 
tlie only long llexor of the hallux. The flexor hallucis longus 
is therefore ah.scMit as a separate muscle. 

J/. Flexor Loiujus Uigitorarn Fihularis arises fj'om the postero- 
medial aspect of tlie fibula and from the interosseous membrane. 
It lies del*]) to the aiiove flexor in the leg, behind the annular 
ligament and in tlie sole. It fuses with the tibialis over the 
metatarsals of tlie third and fourth digits. The tibialis tendon 
gives rise to two tendons, one to the little toe and the other to 
the second digit. The tendon of the fibularis gives rise to the 
long llexoi* tendons of the tliird and fourth toes. 

Flexor Diijitorum Brei^is , — This muscle lias been described by 
8chauflighausen in seven specimens of llapale^ and in each there 
is some variation. In two specimens which were dissected the 
flexor arises from two heads of origin — a su]>erficial from the 
tuberosity of the os calcis; this belly of muscle forms almost 
entirely tlie short flexor to the second toe. The deep head arises 
from tlie flexor tendons, and forms three tendons which split to 
allow the long flexor tendons to perforate them. They are inserted 
into the base of the secoml ]»ha]anx of tlie digits. In two other 
specimens accessory heads for the short flexor to the second toe 
were seen ; these arose from the medial side of tlie long flexor 
tendon, and were inserted in one case into tln^* medial sine of the 
base of the secxind phalanx of the second digit, and in the other 
case into the flexor tendon. 

The lumbricals and tlie interossei call for no special comment. 
There is a transverse head for tWb adductor hallucis, but the other 
short muscles of the hallux, with the exception of a small abductor 
hallucis, are absent# The abductor digiti qiiinti is present as a 
well-marked muscle mass, and is inserted into the head of the first 
phalanx* 
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Ocular Muscles. 

The extrinsic muscles of the eyeball have been described briefly 
by Ottley (1879) for most of the Primates. The conditions which 
I have found in Ilapale do not difier much from his account. 

The retractor bill hi, which Ottley remarks is absent in Hapale^ 
is present in two of tiie eyes which were dissected. It is a very 
thin slip, but it was undoubtedly muscular, a-s sections showed. It 
was supplied by the sixth nerve. 

The external rectus was inserted into the eyeball midway 
between the equator and the corn eo- sclerotic junction. The 
internal rectus was inserted slightly closer to the corneal 
junction than the external rectus. The interesting differences 
between the insertions of the muscles of Ilapale and those in 
the Lemurs was found in the direction of insertion of the 
superior oblique and its relation to the insertion of the superior 
rectus. The latter muscle was inserted well back on the upper 
surface of the eyeball almost on the equator. The line of 
insertion is not parallel to the corneo-sclerotie junction, but 
almost at right angles to it. Close behind this insertion and 
parallel to it is the insertion of the superior oblique. Thi.s hitter 
muscle arises in the usual manner and passes through a pulley 
on the inner side of the .superior orbital margin. The inferior 
rectus is inserted along the line of the equator or slightly in front 
of it. The inferior obiuiue is arising from the superior maxilla 
close to the lachrymal foramen, and is inserted into the eyeball 
close to the optic nerve. 'Che general an*angements of the eye 
muscles are closely similar to those seen in la7'sivs, and there is 
little doubt that the reason for the .slight movements of the eye 
in the orbit is to be found in tlie great mobility of the head 
the neck. In this way the two animals are closely similar. 

Knee-Joint. 

The structure of the knee-joint in Ifupale 1ms been studied by 
Forster (1904) and by van Westrienen (n. d.). The latter author 
has compared the conditions found in Ilapale with mo.st of the 
other Primates and with the human condition. Siie has investi- 
gated the subject so thoroughly that my work has been but a 
confirmation of the observations which she lias made. 

Three points deserve special attention. First, the nature of 
the origin of the gastrocnemii ; secorul, the relation of the semi- 
membranosus tendon to the joint capsule ; and, thirdly, the 
attachments of the menisci to the bones forming the joint. 

The actual origin of the gastrocnemius lateralis is from a small 
mass of cartilage or bone and from a small area of the capsule. 
The sesamoid bone is actually embodied in the outer wall of the 
joint capsule. From this bone two bands of fibres arise — one, 
which is short and strong, is attached to the posterior aspect of 
the lateral condyle of the femur, and a medial band which pass 
downwards along the posterior surface of the joint capsule and is 
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attached to the tibia between the two condyles of that bone. This 
constitutes the lateral oblique ligament. The medial head of the 
gastrocnemius arises in a similar way to the lateral head. The 
fibres which are arising from the capsule in the cuse of the lateral 
head are now absent or very small in number. The origin of 
the head is thus migrating towards the femur. The band 
of fibres from the sesamoid xnmning obliquely downwards are 
indistinct. These fibres lie deep to fibres derived from the seini- 
membiunosus tendon. The condition in Hapale is thus ititer- 
mediate between the lemiirine one and that seen in the joint 
capsules of other Platyrrhines and also in Anthropoids. In the 
Lemurs both oblique li;L;anients are well developed and there is no 
incorporation of the semi -membra nosus of the capsule. The fibres 
of the semi-memhranosus in Hapale lie on the posterior surface of 
the joint capsule and are incorporated in this wall. The direction 
of tlio fibres is downwards superficial to the medial oblique liga- 
ment from the medial sesamoid. They then pass laterally and 
upwards to fuse with the lateral oblique ligament. Jn this way 
they obtain a distinct insertion into the lateral sesamoid. The 
small transverse fibres \\'hich hind the two oblicpie ligaments 
together near their tihial insertion are weak. This condition is 
intermediate between the condition in Lemur macaco, wliere the 
eemi-menibranosus has no connection whatsoever with the joint- 
cnpsule, and that found in tlie Spider Monkey. 

The general shape of the menisci reseinV)les the condition in 
Man. The lateral meniscus is C-shaped as in TMan. Anteriorly 
it is attached by a. strong hand of fibres to the tibia between the 
anterior cruciate ligament and the intercondylar eminence, and 
posteriorly it is attached to the tibia a short distance in front of 
the attaclnnent of the posterior edge of the medial meniscus, 
Tliere is also a strong attachment to the femur tlirough tlie 
lateral riieiiisco-femoral ligament. The medial meni*‘Ciis is more 
open or crescentic in sha{>e than the lateral meniscus. It is 
attached anteriorly to the tibia immediately in front of the 
attachment of the anterior cruciate ligament. Posteriorly there 
is an attachment to the tibia posterior to the attachment of the 
posterior horn of the lateral meniscus and in front or anterior to 
the attachment of the posterior cruciate ligament. There is no 
connection with the feinnr. 

The condition of the menisci is a distinct advance on the 
lemurine foi’in, where each meniscus is attached through its pos- 
terior horn with the femur. In Hapale the condition tliat I 
found was identical with that described by Westrienen. 

'm 

The Circulatory System, 

The Heart, 

The pericardial sac is a thin sero-fibrous bag which completely 
invests the heart and is continued above over the roots of the 
great vessels. It is attached anteriorly to the deep surface of 
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the steTnum, laterally it is covered by the pleural sacs, and 
inferiorly it is separated from the diaphragm, except near the 
apex, by the infracardiac recess of the right pleura. When the 
pericardium is removed the anterior surface of the heart is seen 
to consist of the right ventricle, the right auricle with its appen^ 
dage, and a part of the wall of the left ventricle. The apex of the 
heart is formed by the left ventricle. The right surface of the 
heart is formed by the right auricle. The inferior surface consists 
almost entirely of the right ventricle and a very small portion of 
the apex of the left ventricle. The left surface is formed by the 
left ventricle and the lower part of the left auricle. The posterior 
surface is formed by the left auricle. The left auricular appen« 
dago passes anteriorl} towards the anterior surface of the heart, 
where a small part of it is visible. 

The boundaries between the auricles and the ventricles are 
clearly marked. The right and left auricle are separated from 
each other by a shallow groove, Tlie auricular appendages are 
about the same size and are triangular in shape. They pass 
insensibly into the auricular wall. 

Right Auricle. — The surface of the interior of the auricle is 
smooth except in the appendage, wJiicl) is trahaculate<l with 
muscle tissue covered with endocardium. The superior vena cava 
enters the auricle at its uppermost limit, and the inferior vena 
cava at the lower border. The crista terminalis is well marked 
and there is a distinct tubercle of Lower. The sinus part of the 
heart consists of a tubular portion joining the terminations of 
the vena3 cavae. The fossa of the foramen ovalis is present with 
a limbus. The Eustachian valve of the inferior vena cava is 
present and the thebesian valve over tlie coronary sinus is well 
marked. The right auriculo-veritricular valve presents no feature.# 
of interest. 

Right Ventricle. — Anteriorly and inferiorly the ventricular 
wall is well trabaculated. Very few trabacuhe are seen on the 
septal wall. Connecting the septal wall with the anterial wall 
near the apex three or four fine tendinia) are found. Tlieie is no 
muscular moderator band. Tlie pulmonary valve has the usual 
arrangement. The flaps are thin and membranous and there is 
no sign of corpora aurantii. 

Left Auricle. — There are three openings into this auricle, one 
large and two small. The large opening is for tlie pulmonary 
vein from the right lung, and the two small openings are the 
openings of the veins from the upper and lower lobes of the left 
lung. 

Left Venti'icle. — The walls of this chamber of the heart are 
well trabaculated. There ai*e no special features. The aortic- 
valve flaps are thickened near the upper or free edge, where there 
is a small nodule in the centre of each flap. 

The heart lies in the thorax from the level of the articulation 
of the sixth costal cartilage with the sternum to the articulation 
of the cartilage of the third rib, and appears to be smaller 
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than the heart of Tarsiua and of a squirrel-monkey of the same 
size. 

The angle formed between the line joining the points of 
entrance of the venise cavaj into tl)e heart with the line joining 
the apex of the heart to the point of entrance of the superior 


Text-figure 34. 



Abd.H. Abductor ballucia M. Add.H. Adductor hallucis M. F.H.B. Plexor 
hallucit brevis. F.Tib, Plexor dij^itorum longni tibialis. Acc,B\B, 
AccesRory flexor brevis muscle to the fourth and fifth toes. F.D.B. Plexor 
digitorum brevis. This specimen shows a welhmarked short flexor for the 
hallux and a strong accessory flexor for the fourth and fifth toes. 

vena cava is distinctly greater than that seen in Tarsiua. In the 
latter animal it is about 45 to 50 degrees ; in ffapcde the angle 
approaches 60 degrees. 

The coronary arteries are arranged in the usual primate manner. 
The coronary sinus is small and enters the right auricle. The 
entrance is protected by the thebesian valve. 
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The Pulmonary Cirmlation^ 

The puliHOTiary aHery lies first on the left side, then behind the 
aorta, where it divides into the right and left pulmonary ai*teries. 
These arteries split up into lobar branches at the hilum of the 
lungs. Entering the lobes the artery of the lobe lies between 
the bronchus and the vein from the lobe. The arrangement of 
the lobar veins is peculiar. On the right side the lobar veins 
join together to form a single trunk which enters the posterior 
surface of the left auricle. On the left side the two lobar veins 
enter the left nnricle close together, but as two distinct veins. 
This is intermediate l)etween the Tarsius arrangement and that 
found in the higher anthiopoids. 

The Systemic Circulation. 

The Great Vessels. — Tlie ascending aorta is very short, about 
three to four millimetres in lengtli. The vessel then passes 
backwards and to the left. From the upper surface of this trans- 
verse portion of its course the aorta gives oft* the three great 
vessels — the innominate artery, the left common carotid, and the 
left subclavian artery. After a short course the innominate gives 
oft* the right subclavian artery and continues on as the common 
carotid artery. The aorta, after giving off* the great vessels, turns 
downwards along the left side of the spinal column and then 
gradually diverges to the right side. Along its course it gives off 
branches to tlie intercostal spaces, with the exception of the first 
space. It also gives oft’ bronchial arteries which are very small. 
These enter the hilum of the lung and appeal* to be distributed 
mainly to tlie larger bronchi. 

Abdominal Aorta and its Branches, 

The coelic artery is a short tiunk arising from the abdominal 
aorta shortly after it enteis the abdomen, A small left coronary 
artery is given off* near the origin of the trunk, and the trunk ends 
by splitting into two large arteries — the hepatic and the splenic. 
The hepatic artery supplies the arteries to the greater and lesser 
curvature of the stomach. These branches anastomose with the 
left coronary artery as in Man. The hepatic also supplies the 
pancreas and the descending loop of the duodenum. The artery 
then lies in the free edge of the lesser omentum, and on reaching 
the transverse fissure of the liver it breaks up into branches for 
each lobe of the liver. The splenic artery is large. It reaches 
the spleen through the lieno-renal ligament. Short branches 
from the splenic pass to the great curvature of the stomach in 
the gastro^splenic omentum. These branches supply the greater 
curvature of the stomach in the region of the fundus and the 
body. 

The superior mesenteric artery arises from the abdominal aorta 
immediately caudal to the coelic axis. It is a single trunk which 
passes into the root of the mesentery and breaks up into branches 
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to supply the ascending loop of the duodenum, the snuill intestine, 
and the colon as far as the splenic flexure. The right colic branch 
supplies the terminal ileum, the proximal part of the ascending 
colon, and the ciecum. The middle colic supplies the whole of the 
transverse colon and anastomoses with the left colic branch of the 
inferior mesenteric artery. 

The inferior mesenteric artery arises from the abdominal aorta 
below the origin of the left renal artery. It forms a trunk which 
runs in the mesentery parallel to the long axis of the gut and 
gives oft’ a large left colic artery and several smaller arteries to 
the colon and rectum. Near the termination of the gut a large 
haemorrhoidal bmnch is given oft*, and the arteiy then breaks up 
into a number of small short branches. 

The suprarenal artery arises as a single trunk from the lateral 
aspect of the abdominal aorta after the coeliac artery has been 
given oft*. The artery is large for the size of the organ supplied 
by it. 

The renal arteries arise from the aorta between the origin of 
the superior mesenteric and the inferior mesenteric arteries. 
There is a single vessel for each kidney. The vessel does not 
divide until it lias passed into the hilum of the kidney. 

The ovarian arteries arise from the anterior aspect of the aorta 
at the level of tlie lower pole of tlie kidney. They lie in close 
relation to the ureter, and pass into the pelvis in a fold of 
peritoneum which becomes the ovarico-pelvic ligament. They 
ai’o distributed to the ovary, but appear to anastomose to some 
extent with the vessels of the Fallopian tiil>e in the mesovarium. 

The spermatic arteries and the spermatic veins follow the same 
course as the ovarian arteries as far as the brim of the pelvis. 
At tills point the spermatic vessels diverge and enter the internal 
abdominal ring, through which they pass to be distributed to the 
testis and epididymis. 

The abdominal aorta before dividing into the two common iliac 
arteries gives off’ the ilio-lumhar artery, which runs laterally and 
then along the lateral femonil cutaneous nerve into the thigh. 
The subcostal arteries and the lumbar segmental arteries are 
given off* from the posterior surface of the vessel and are dis- 
tributed in the normal way. 

At the level of the junction of the fifth anti sixth lumbar 
vertebra* the aorta divided into the two common iliac arteries. 
From the posterior surface of the vessel at the bifurcation the 
single middle sacral artery is given off*. This vessel lies on the 
ventral surfaces of the caudal vertebrie and supplies the ventral 
muscles of the tail. 

Vessels of the Infe7*ior Extremiti/. 

Manners-Smith has described the arteries of the leg in Hapale 
peneillcUa^ and the condition found in Hapale jacchus appears to 
be identical with his findings. 

Proc. Zool. Soo.— 1927, No. XLY. 


45 



684 


DR. J. BBATX2B OK THE ANATOMT 


The external iliac artery gives off the ilio-lumbar artery which 
has been described above, and at the same point the internal iliac 
artery arises and passes into the pelvis, where it breaks up into 
a lateral and medial division. The lateral bianch supplies the 
structures of the lateral )>elvic wall, and a small branch leaves 
the pelvis with the great sciatic nerve. "J'he medial branch runs 
forwards and supplies the bladder. The artery in the female 
gives off the uterine artery which runs along the lateral wall of 
tl)e uterus in the broad ligament. The remains of the obliterated 
hypogastric arteries are seen as two fine strands of tissue lying 
lateral to the urachus, and fade out near the tip of the urachus. 

Near the germination of the external ilia a short trunk arises 
from which diverge three arteries. Tlie inferior epigastrus 
artery, which couj*ses medially and has its usual relation to the 
inguinal canal, the obtumtor artery, which crosses tlie hi im of the 
pelvis in tlie same relations as the abnormal obtumtor artery of 
human anatomy, and the third branch is the medial circumflex 
artery of the thigh. This artery passes into the thigh and then 
dips between the pectineus and the psoas, and supplies the muscles 
on the medial side of the hip-joint. In the upper part of the 
thigh the femoral artery gives off a lai'ge branch — the profunda 
femoris ; from this arises the lateral circumflex artery. Th is breaks 
up almost immediately into an ascending and descending branch. 
These supply the vasti muscles on the lateral surface of the thigh. 
The profunda is a purely muscular artery, and descending along 
the medial side of the femur supplies the muscles on that aspect 
of the thigh. 

The femoral artery divides into two in the lower part of 
Hunter^s canal — the saphena artery and the popliteal artery. The 
saphenous artery runs along the inner side of the knee, anr; at 
the junction of the upper and middle thirds of the leg divided 
into' an anterior and posterior branch. The posterior bi*anch is 
the posterior tibial artery. The anterior branch splits into a 
superficial and a deep branch about the middle of the leg. As in 
Popowski’s specimen, the branches formed an arch on the dorsum 
of the foot. The superficial arch gave off the common digital 
arteries, and the deep arch the dorsal metataisal arteries to the 
second and third clefts. The latter arteries do not reach the 
digits. 

The popliteal artery gains the posterior part of the leg by 
passing deep to the adductor magnus. In the popliteal region 
the distribution of the articular arteries is by no means constant, 
Popowski describes two different conditions — one in //. jacchus, 
where there is an a, genu lateralis and an a. genu medialis, each 
of which subdivides into superior and inferior branches. In his 
specimen oi H^peneiUata there is an a. genu superior dividing into 
a medial and lateiul branch and an a. genu inferior dividing into 
an a. medialis and an a. genu media. Manners<Smith describes 
in bis specimen an a« genu superior lateralis and an a, genu 
medialis. He also describes a sural artery. The condition found 
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itt the injected specimen appears to be similar to that described 
by Popowski in his H, jaochua. The artery terminates by dividing 
into the anterior tibial and the peroneal arteries. 

The posterior tibial artery passes along the back of the calf 
deep to the gastrocnemina and the soleus, and passes into the sole 
of the foot, where it becomes the medial plantar artery. In the 
sole it divides to supply the shoi*t flexors, and ends by supplying 
the clefts between the hallus and the first digit and that between 
the second and the third digits. 

The peroneal artery supplies the peronei muscles and does not 
extend as a recognisable vessel beyond the middle of the leg. 

The Arteries of the Upper Extremity, 

The subclavian artery becomes the axillary artery after the 
vessel has crossed the first rib. Jn the axilla the aiTangement of 
the vessels is very variable, and many different descriptions have 
been given of these, Manners-Smith has summarised the 
previous findings in his paper. The corjdition described below 
is based on one single specimen dissected. The superficial brachial 
artery ai ises from the axillary soon after it enters the axilla. It 
gives ofi* two braiKihes— a tlioraeo-aeromial and a lateral thoracic 
artery. These are disti ibiited in tlie manner described in liuman 
anatomy. The <leep brachial (a. briacbialis profunda) artery is 
the remainder of the axillary artery, and from it axdse either 
separately or from a common trunk the circumflex hurneml 
arteries and the subscapular artery. I^ower down the arm the 
artery gives rise to the a. profunda brachii (the superior profunda) 
artery. The profunda brachii divides into tlie a. collateralis 
radialis (the anterior branch of the superior profunda); on one 
side tliis artery came olf from the posterior humeral artery and 
tile a. collateralis media. 

The brachialis suporficialis lies in the sulcus between the biceps 
and the triceps on the medial side of the arm ; in this part of its 
course it lies superficial to the median and ulnar nerves. Above 
tlie tdbow tlie transverse cubital artery arises which lies between 
the brachialis and the humerus. The arter}'* is continued on 
into the forearm superficial to the biceps tendon as tlie radial 
artery. It divides into a superficial and a deep bmneh. The 
superficial branch or palmar branch passes into the palm, wliere it 
becomes the superficial volar artery. The <lorsal or deep branch 
passes deep to the abductor pollicis longus and i*eaches tlie dorsum 
of the wrist. 

The a. brachialis profunda lies in relation to the median nerve 
as far as the elbow. At this point the artery divides into two, 
the ulnar and the interosseus artery. The ulnar artery has its 
usual relations in the forearm. On reaching the palm it forms, 
with the palmar branch of the radial, the superficial palmar arch 
from which arise the arteries to the digital clefts. These in turn 
subdivide to form the common digital arteries. The small branch 

45 * 
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to tbe ulnar side of the hand supplies the muscles of the 
hypothenar eminence. 

The interosseus arteiy divides into a volar and palmar branches 
which lie along the interosseus membrane and supply the muscles 
of the forearm. 

The VesBBls of the Neck , — The common carotid artery continues 
into the neck as high as the great cornu of the hyoid bone before 
it subdivides into the external and internal carotid arteries. The 
external carotid immediately subdivides into the lingual, superior 
thyroid, facial, internal maxillary, and superficial temporal artery. 
The internal maxillary artery is small, bnt the superficial temporal 
artery is large. 

The course of the internal carotid is described in the section 
on the ear. The muscles of the neck are supplied by the branches 
of the vertebral artery. 

Venous St/stem, 

The venous system calls for no special comment. The 
arrangement of these vessels corresponds to the general primate 
pattern. 

Lyinpathic System, 

Silvester has shown that the lymphatic system of the Marmoset 
is arranged in the same manner as that in the South American 
Monkeys. These animals differ from the Old World Monkeys 
and Anthropoid Apes in that theie are connections with the 
venous system in the region of the junction of the renal veins 
with the inferior vena cava. The lymphatics which enter the 
veins in this region are the terminal vessels which drain the 
whole of the abdominal viscei*a, the pelvic organs, and the whole 
of the lower half of the body below the level of the umbilicus. 
I have not been able to obtain sufficiently definite results by 
injection methods to confirm the statetnents of Silvester. The 
lymphatics of the upper half of the body are arranged in ti 
manner common to that in all the other primates. 

The Digestive System. 

Teeth , — The teeth are described under tlie skull. 

Tongue . — Sonntag in liis monograph has described the papillae 
of the tongue and their distribution (P. Z, S. 1922, pp. 517-524). 
The tongue is a thin muscular orgati tapering gradually from base 
to the tip, which is truncated and rounded. The tip is covered 
with fungiform papillae. On the ventml surface there is a well- 
marked groove in the middle line. This gioove opens out to form 
a triangular space to the base of which the anterior edge of the 
frenum is attached. The frenum is formed of two triangular 
folds of mucous membrane which are joined anteriorly to form a 
free edge. Laterally and posteiiorly they diverge and are attached 
along the floor of the mouth and to the ventiTil surface of the 
tongue. At the inferior part of the lateral surface of the frenum 



OF THE COMMON MABMOSET« 


687 


two folds spring out which have a serrated or scalloped edge. 
These folds join in front of the anterior edge of the frenum in a 
bifid tip. 

On section the tongue shows in its posterior half a well-marked 
fibrous median septum or raphe. This raphe gradually disappears 
as it is traced forward. Posteriorly it is attached to the hyoid 
bone in the middle line. The muscle -tissue of the tongue con- 
sists of intrinsic fibres and extrinsic fibres. The extrinsic muscles 
have been described in the section on the anterior region of the 
neck. The fibres of tlie genio-glosseus pass into tl)e tongue on its 
ventral surface in the posterior third. They form fibres running 
upward.s and forwards in the tongue towards the tip. The}^ pass 
between all the other muscles to reach the tlomim. The fibres of 
the stylo-glosseus enter the lateral aspect of the tongue and run 
horizontally forwards towards the tip. The fibres of the hyo- 
glovssus lie along the inferior and lateral region of the tongue and 
appear 1o form longitudinal ])undles lying near the ventral 
surface. They eventually reach as far as the tip. The intrinsic 
muscle fibres are arranged in four groups: (a) the dorsal longi- 
tudinal fibres, (6) the ventral longitmlinal fibres, (c) the transverse 
fibi-es, and {d) the ventral or oblujue fibres. The dorsal longi- 
tudinal fibres lie close i)eneath th<» submucous tissue of the 
dorsum. U'lie ventral longitudinal fibi*es lie along the ventral 
surface aii<I in the sublingua. The transverse fibres run from the 
lateral margins of the tongue inwards ami downwards towards 
the \ entral .surface. >Some of (.he.se fibres appear to arise from 
the .siilo wall of the pharynx and the soft palate and enter the 
tongue in its posterior third. The vertical fibres are irregularly 
arranged tliroughout tlie wliole of the tongue. They are the 
weakest of all the intrinsic muscles. 

Lingual glands are present, but no apical glands of Nunh can 
be iletected. 

Palate . — The hard palate is trav'ersed by six transverse lidges 
composed of folds of mucous membrane, 'fbese are found on the 
anterior region, and only two of them form a complete ridge across 
the middle line. The posterior four become v«:inaller and diverge 
from the middle line as the posterior margin of the palate is 
approached. All the ridges are covered Ntith papillas. The soft 
palate is very extensive. It extends posteriori}- and forms the 
boundary between the mouth and the pharynx. The bucco- 
pharyngeal opening is small. On the summit of the arch a small 
tubercle is seen, this is the uvula. It is bifid and appears to be 
composed entirely of mucous and submucous tissue alone. 

Pharynx. — The naso-pharynx is narrow antero-posteriorly. 
The whole of the anterior boundai*y is taken up by the posterior 
nares. On the lateral walls near their posterior margins the 
Eustachian tubes are open. The openings of the Eustachian tubes 
are surrounded by an elevation caused by the medial ends of the 
tubal cartilages. There is no sign of a definite pharyngeal tonsil^ 
but in the submucous tissue of the roof and the posterior- wall 
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there is a collection of lymphoid tissue. In some specimens this 
is absent. 

The oral pharynx calls for no special comment. The palatine 
tonsil is described below. The anterior pillar of the fauces is 
composed of mucous membrane covering a mass of muscle which 
is derived from the soft palate and which runs into the lateral 
surface of the tongue. The posterior pillar is formed by a small 
bundle of muscle fibres running from the soft palate into the 
lateral wall of the pharynx. 

On the anterior wall of the laryngeal pharynx the epiglottis is 
attached. This cartilage projects upwards and is plainly visible 
when the mouth is opened. Laterally between the ary-epiglot- 
tidean folds and the medial surface of the thyroid cartilage is a 
space which is homologous with the pyriform recess of the human 
anatomy. 

MtiscUs of the Pharynx , — Three sheets of muscle surround the 
pharyngeal cavity, and into this mass of muscle fibres are inserted 
from other sources. These extrinsic muscles are derived from 
the stylo-pharyngeous and the palato-pharyngenus. The proper 
muscles of the phaiynx are the three constidctor muscles. 

The superior constrictor obtains fibres from the side of the 
tongue, in its posterior third, a few fibres from the mandible 
behind the third molar tooth, from a raphe extending from this 
point to the lowest point of the pterygoid plate and from the 
pterygoid plate itself. Tlie fibres sweep posteriorly. The upper 
fibres incline upwards and are inseited into the median rap})e of 
the pharynx, wdiich extends from the base of the skull to the 
upper part of the tesophagus. The lower fibres extend backwards, 
and the lowest fibres pass downwards as well as backwards and 
are inserted into the raphe. 

The middle constrictor arises from the hyoid Vjone, and ex- 
panding fan wise it is inserted into the median raphe. The 
upper fibres lie superficial to the lowest fibres of the superior 
constrictor. The superior laryngeal artery and nerve pass below 
the lower border of the middle constrictor to reach the interior 
of the larynx. 

The inferior constrictor arises from the curved crest on the 
lateral surface of the thyroid cartilage and is inserted into 
the median raphe. The upper fibres are inserted into the raphe 
superficial to the fibres of the lower constrictor. The lower 
fibres of the inferior constrictor are continuous over the lateral 
wall of the cesophagus and blend with its outer longitudinal 
muscle coat. The recurrent laryngeal nerve passes under the 
lower border of the inferior constrictor. 

TotisU, — The tonsil of Hwpah has been described by Hett. 
It is a very simple pocket with lymphoid tissue developed around 
the diverticulum. The arrangement of the tissue is seen in a 
section through the organ. There is a well-marked supra-tonsillar 
recess. The tonsil appears to be of a fairly constant size in all 
the animals which were examined. Animals with a complete 
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dentition (permanent) which shows signs of wear have a tonsil 
equally well developed os those who are just erupting their third 
molar tooth. 

Salivary Glands , — The snbmaxillary gland is the largest of the 
three glands present in Hapale, It lies along the lower edge of 
the mandible in the region of the angle. It extends upwards in 
contact with the deep surface of the internal pterygoid muscle, 
and downwards into the anterior part of the neck. It is often 
divided into two lobes — an anterior and a posterior. The parotid 
gland is smaller than the submaxillary. It lies in front of and 
below the external auditory meatus and extends forwards over 
the posterior edge of the inasseter muscle on to the face. From 
its anterior edge the duct arises. This pierces the buccinator 
muscle and the mucous membrane of the mouth about the level 
of the last pre-molar tooth of the upper jaw. The sublingual 
gland is not enclosed in a ca^)sule as are the other glands. It 
consists of a moss of gland acini which lie under the mucous 
membrane of the floor of the mouth, lateral to the frenum. The 
acini pass between the njuscles forming the floor of the mouth, 
and some lie along the deep surface of the mandible. 

(Esophagus . — In the neck the cesophagiis lies in the middle line 
deep to the trachea. On reaching the thorax it bends to the 
right side until it reaches the level of the Irifurcation of the 
trachea. Tliere it deviates to the left side and pierces the dia- 
phragm in its left posterior muscular part. In the abdomen the 
tesophagus lies fii-st in a deep sulcus in the posterior surface of 
the liver. Issuing thence it is almost immediately continuous 
with the stomach. The cardio-tesophageal junction is oblique 
and is situated at the upper limit of the lesser curvature. On 
the left of the termination of the oesophagus the fundus of the 
stomach rises up lateral to it. The microscopic structure is 
identical with that of Man. The longitudinal coat of muscle 
shows many striated fibres in the upper half of the cesophagus. 
The epithelium is arranged in the typical squamous manner. 
The squamous epithelium ends abruptly at the cardio-oesophageal 
junction. 

Stonnacdi . — The stomach varies in form in each of the specimens, 
but the main features are constant. The organ can be divided 
into four parts — the fundus, the body, the pyloric canal, and the 
pyloric antrum. The fundus extends upwards lateral to tlie 
(esophagus. It is relatively large. The body is continuous above 
with the fundus, fi*om which it is not separated by any anatomical 
feature on the greater curvature of the stomach. In shape the 
body varies with the amount of food in the stomach at the time 
of death and also on whether the animal is examined fresh or 
after injection. In injected specimens, injected soon after death, 
the body is tubular and is separated from the pyloric antrum by 
a groove. This groove forms the incisiiiu angularis on the lesser 
curvature of the stomach. The incisuia can be distinguished in 
nearly every specimen. The body is continuous with the pyloric 



690 


BH. J. BEATTIE ON THE ANATOMY 


antrum, which is usually a tube of smaller diameter than the 
body. This part merges into a narrow short tube — the pyloidc 
canal — from which is separated, only by a faint constriction, the 
sulcus interraedius. The pyloric canal ends at the pyloric 


Text-figure 35. 



The anterior view of the heart and great vessels. 

C.C. Common carotid artery. I.T.A. Inferior thyroid arteiy. V.A. Vertebral 
artery. T.C. Transverse cervical artery. T.S. Transverse scapular artery. 
S.A. Subclavian artery. I.M.A. intenial mammary artery. 8.V.C. Superior 
vena cava. li.A. Right auricle. 


sphincter. "Jhe pyloric sphincter is frequently relaxed after 
death, but when contracted it forms a groove on the outer 
surface of the gut. T'he stomach is situated in the abdomen 
under cover of the liver. Only a small part of the anterior 
surface is in contact with the anterior abdominal wall. 
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Small InUstine, 

Duodenum , — The duodenum forms a J -shaped loop. The long 
limb descends in contact with the visceral surface of the right 
lower lobe of the liver and the upper pole of the right kidney. 
The transverse part is short and runs to the left, where it bends 
upwards to form the ascending part. The two latter parts hook 
1 ‘ourul the lower border of the root of the mesentery. The usual 
first part of the duotlenum is very short. The dmxlenuin ends 
at a sharp flexure lying below the transverao meso-colon to which 
it is attached by a peritoneal band. The common bile-duct and 
the pancreatic ducts enter the descending limb of the duodenal 
loop at the junction of the upper third with the lower two-thirds. 
The loop has a definite meso-duodenuin. In this mesentery the 
nead and body of the pancreas are found. The anterior surface 
of the <Iescen(Iing part of the duodenum is adherent to the upper 
layer of tiie traiiavei'se ineso colon. Tiie transverse colon is itself 
adherent to the <Uio<lenmn where it crosses the descending loop. 

the uj»per part of the meso-duotlenum a short peritoneal 
band passes backwaids to the inferior vena cava. 'J'his hand 
forms the lower limit of the large foramen of Winslow. 

Jejmm7n and Ileum . — There is no division of the i‘emaining 
portion (»f the small intestine into two parts — jejunum and ileum. 
The intestine forms three short loops which have their concavities 
directed downwards and to the right. The terminal ileum passes 
downwards parallel to the medial edge of the ascending colon and 
then forms a smaU loop. The ileum joins the colon from below 
and on its medial side. The junction is oblique, and the circular 
muscle of the small intestine becomes thickened at the junction 
to form a spliincter. 

Lanje Intestine . — The large intestine is long and equals in 
length the crown-rump lieight of the animal. It forms an 
inverted U-shaped loop. The right limb consists of the ca?cuin 
and the ascending colon. The ctecum is about four centimetres 
long. Commencing at the ileo-colic junction the ca»cuiu enlarges 
sUglitly towards its tenuiuation, which is hooked on itself round 
the end of the narrow meso-ciecum. There is no sign of any 
appendix vermiforniis. The termination of the cajcuin lies in the 
lowest part of the abdominal cavity. The ascending colon is 
slightly shorter than the ccecum. At the abdominal surface of 
the liver it turns to the left and becomes the transverse colon. 
The transverse colon forms an arch with its convexity forwards 
towards the anterior abdominal wall. On the left side this part 
of the large intestine becomes bent on itself acutely to become 
the descending colon. This flexure of the colon is not attached 
to the abdominal wall by peritoneal ligaments. The descending 
colon passes downwanls along the left side of the abdominal 
cavity. It passes insensibly into the rectum and is continued 
on to the anus. This part of the gut is a stmight tube without 
any sign of flexures. 
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The Peritoneum. 

Ventral Mesentery. — The ventml mesentery is spJit by the liver 
into two parts — the hepatic ligaments and the lesser omentum. 
The peritoneal ligaments of the liver are thin folds lying close 
together without enclosing any considerable space between their 
layers. Hence there is no hare area of the liver. The falciform 
ligament is a thin fohl of peritoneum attached ventrally to the 
upper half of the inner surface of linea alba. The upper attach- 
ment is continued backwards on to the diaphragm as far as the 
inferior vena cava. From this attachment the ligament passes 
to the upper surface of the central lobe of the liver, to which it 
is attached. The lower edge of the ligament, from the anterior 
abdominal wall to the liver, is free. The lesser omentum has a 
free edge on its right side from the transverse fissure of the liver 
to the highest point of the duodenum. To the left it is attached 
above to the transverse fissure of the liver, an<l below to the lesser 
curvature of the stomach. The free edge forms the free edge or 
the anterior boundary of tlie foramen of Winslow, and in it run 
the common bile duct, the hepatic artery, and the portal vein. 
The lower boundary is formed by a fold from tlie meso-duodenum 
to the inferior vena cava. 

Dorsal Mesentery, — The dorsal mesentery leaves the dorsal wall 
of the abdomen where the msophagus joins the stomach. It forms 
a large fold of peritoneum attached above to the greater curvature 
of the stomach and to the upper part of the duodenum. This 
fold in its right portion is the great omentum, to the left the fold 
splits to include the spleen. iVom the spleen the two layers of 
the fold unite to form the lieno-renal ligament, whicli passes 
me<lially to the posterior abdominal wall medial to the supra-renal 
body and the kidney of the left side. From this point the tw o 
layers are attached transversely along the abdominal wall above 
the base of the transverse meso-colon as far as the meso-duodenum. 
This continuous sheet of peritoneum thus encloses a space which 
is part of the lesser sac of the peritoneum. The transverse meso- 
colon is not fused to the posterior layer of the great omentum. 

The Mesentery of the Intestine. — The meso-duodenum is de- 
scribed above, along with the description of the duodenum. The 
mesentery of the small intestine arises around the sujwior mesen- 
teric artery from a small area between the vertical part of the 
pancreas and the ascending limb of the duodenal loop. It is 
continuous with the mesentery of the ascending and transverse 
colon, which arise from the same area. The meseiiteiy of the 
descending colon and the rectum arises from the mid-dorsal line 
as far as the lower rectum. These mesenteries are continuous 
with the mesentery of the small intestine and the proximal part 
of the large intestine. It will be seen that there is in tfapale a 
continuous common mesentery for the whole of the intestine with 
the exception of the duodenum, which has a separate meso- 
duodenum. The ctecum has a small fold of peritoneum passing 
along its medial border. This fold is derived from the mesentery 
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of tbe terminal ileum and contains the vessels and nerves to the 
osBCum. 

Panorem . — This organ consists of a vertical and transverse 
portions. The vertical portion lies in the meso-duodenum and is 
continuous above with tl»e tmnsvei'se portion which sti’etches 
across the middle line in the base of the attachment of the great 
omentum to the posterior abdominal wall. To the left the trans- 
verse portion comes into contact with the medial margin of the 
left suprarenal gland and the left kidney. The vertical part 
corresponds to the head, and the transverse part to the tail, of 
the human pancreas. 

Lwer , — The liver is relatively small compared to the liver 
in 'Parsius. In situ only a small part of the central lobe is seen 
appearing under the sub-costal arch. In its arrangement it is 
exceedingly simple. The lobes and the fissures closely approxi- 
mate to the condition found in Hyciicehus, It is divide<l into 
four lobes : — 

(а) Central, 

(б) Left. 

(c) Right. 

{d) Caudate. 

These correspond respectively to the central, left lateral, right 
lateral, and the caudate lobes described by Ruge in Kycticehus, 

The central lobe occupies most of tbe subphrenic surface. It 
is divided into right and left halves by a fissure — the incisura 
unibilicalis of Ruge. The falciform ligament continues this 
division backwards. The li.s8ure extends on to the visceral sur- 
face of the lobe. On the surface of the right half of the central 
lobe there is a deep fossa to lodge tl»e gall-bladder. The gall- 
bladder is not buried in liver tissue. Tlie j-emainder of the 
visceral surface is in contact with the upper or ventral surface of 
the stomach. On the upper surface of the lobe the inferior vena 
cava issues out of the liver. The ligaments of the liver radiate 
from this })oint in three directions— ventral ly the falciform 
ligament, laterally to the left the left coronary ligament, and 
laterally to the right the right coronary ligament. The central 
lobe is separated from the left lobe by a deep fissure on the upper 
visceral and posterior surfaces, leaving only a small attachment 
to the left lobe. The central lobe overlays the upper surface of 
the left lobe, which, lies inferior and lateral to the central Jobe. 
The lateral surface of the loft lobe is in contact with the dia- 
phragm and the lateral abdominal wall. The visceral surface is 
in relation to the following organs: — the fundus of the stomach, 
the spleen, the left supra-renal gland, and the spJeiiix flexure of 
the colon. 

The oesophagus lies in a fissure between the left lobe and the 
caudate lobe of the liver. The left coronary ligament extends 
downwards on the posterior surface to the lower edge of the lobe 



694 


DR. J. BEATTIE ON THE ANATOMY 


(text-figure 37). The right lobe is the largest lobe. It is over- 
lapped above by the central lobe. Its lateral surface is in contact 


Text-figure 36. 



The abdominal viscera after removal of the small intestine. The bladder 
is drawn forward to expose the ureters. 

L.C.D. Ri^ht central lobe of liver. L.C.S. Loft central lobe. L.L.D. Right lateral 
lobe. L.L.S. Left lateral lobe. St. Stomach. Sp. Spleen. R.K. Right 
kidney. Duo, Duodenum. l.V.C. Inferior vena cava. Ur, Ureter. A.A. 
Abdominal aorta. II. Ileum. C». Crecum. Ut. Uterus. Ves. Bladder. 
F.T. Fallopian tube. Ov. Ovary* E. Rectum. 

with the right lateral surface of the diaphragm. Posteriorly the 
right coronary ligament passes downwards to the entrance of the 
inferior vena cava into the lower edge of the caudate lobe. The 
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Text-figure 37. 
LC. 



IVC 


The inferior view of the liver. 

L.C. Lobus centraliH divided into two parts by the umbilical fissure. L.L.D 
Lohus lateralis dciter. L.L.S. Lobus lateralis sinister. P.F. Portal fissure. 
I.V.C. Ijiferior vena cava. C.L. Caudate lobe. 


Text-figure 38. 

F.L 



The posterior surface of the liver. 

F.L. Falciform ligament. L.C.D. Lobus centralis dexter. L.L.D. Lobus lateralis 
dexter. C.L. Caudate lobe, I.V.C. Interior vena cava. B.C.L. Bight 
coronary ligament. L.C.L. Left coronary ligament. 
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caudate lobe is divided off from the right lobe by a deep fissure 
on the visceral, lateral, and iwsterior surfaces. The fissure ends 
at the lateral edge of the riglit coronary ligament near its termi- 
nation. At this point a groove continues the fissure upwards. 
To the bottom of this groove the right coronary ligament is 
attached. The caudate lobe shows on its inferior surface a deep 
fossa for the right supra-renal gland and a small part of the 
upper pole of the right kidney. In contact with the visceral 
surfaces of the right and caudate lobes there lie the j)ars de- 
scendens of tlie duodenum, the junction of tlie ascending and 
transverse colon. Laterally the caudate lobe reached the lateral 
abdominal wall. The small accessory lobes are absent. 

The Diaphragnu — This muscle arises from : — 

(a) the upper three lumbar vertebrm, through tlie crum ; 

(b) the arcuate ligaments — medial and lateral ; 

(c) the ribs ; 

(d) the xiphoid process of the sternum. 

The crura arise from the bodies of the first, second, and third 
lumbar vertebrte. They unite in the middle line and form the 
upper boundary of the aortic opening into the abdomen ; there 
appears to be no middle arcuate ligament. The fibres of the 
crura arch forwards and upwards into the central tendon. The 
medial arcuate ligaments arch over the psoas m usclos. The lateral 
arcuate ligaments connect the first Imnhar vertebra to the last 
ribs and arch over the quadra tus lumborum. From these fibres 
pass upwards parallel to tlie crural fibres and are inserted into 
the postero-lateral parts of the central tendon. From tlie costal 
cartilage of the fifth to the ninth ribs and from the tips of the 
tenth, eleventh, and twelfth ribs, slips arise which pass almost 
vertically upwards and then arch inwards to be inserted into the 
central tendon; the short slip which arises from the xiphoid 
process is inserted into the anterior part of the central tendon. 

The central tendon of the diaphragm is trefoil in shape. The 
right and left parts are relatively narrow, but the ventral leaf is 
broad. Through this ventral portion the inferior cava passes 
from the abdomen to the thorax. The outer wall of the vessel is 
bound to the tendon by dense fibrous tissue. I'he tendon is sepa- 
rated from the pericardial sac except over the apex of the sac, 
which is in contact and fused with the diaphragm. The greater 
part of the pericardium is separated from the diaphragm by the 
infm-cardiac recess of the right pleum for the azygos lobe of that 
lung. The OBSophagus pierces the diaphragm posteriorly and is 
surrounded by muscle tissue which is derived from the crura. 
The tube is not bound to the diaphragm, as is the case with the 
vena cava. With the msophagus pass the abdominal branches of 
the right and left vagus nerves. The aorta passes between the 
crura near their origins and is accompanied by the two azygos 
veins. The sympathetic trunk and the great splanchnic nerve 
enter the abdomen under the medial arcuate ligament. 
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The Respiratory System. 

The Larynx. 

The cavity ot* the larynx is bounded above by the large 
epiglottis^ the ary-epiglottideau folds, and the arytenoid carti- 
lages. This upper boundary encloses a large space which narrows 
rapidly to the level of the false vocal folds. The anterior end of 
each vocal fold is often seen to be swollen out, and a similar 
swelling is seen near the posterior end. In this latter swelling 
the cartilage of Wrisberg is situated. On separating the false 
folds the true vocal folds a,re seen as thin membranous structures 
on the lateral wall of the larynx. Lying between the false and 
the true folds there is a distinct ventricle which passes outwards 
and backwards below the false vocal fold as far as the posterior 
edge of the thyi'oid cartilage. 

The Cartilages of the Larynx. 

Although the hyoid hone is not, strictly speaking, part of the 
larynx, it is important to describe it in detail at this j)oiiit. It 
consists of a body and two }>airs of cornua. 'J'he body is a thin 
bony plate which extends downwards in front of the thyroid 
cartilage to cover the upper two- thirds of this structure. The 
under surface of the hone is connectefl to the thyroid cartilage 
by a thin thyro-hyoid ligament. The body is continued back- 
wards into the greater cornua, which are thin bars of bone 
extending backwards on either side of the laryngeal pharynx. 
They articulate with the superior cornu of the thj^roid cartilage 
by a distinct joint. Tlie lesser cornua are small and are often 
cartilaginous and not ossified. They ai'e connected by a thin 
ligamentous liand to the temporal l)one in the region of the bulla. 
No cartilages are developed in this structure nor is there any 
sign of a styloid process, although this has been described by 
other observers. 

Thyroid Cartilage . — This cartilage is made up of two quadri- 
lateral plates of cartilage which are united in front in the middle 
line and make an angle of 60 degrees with each other. The 
cartilage in the middle line is thickened and gradually thins out 
as the posterior border is approached. The upper edge is pro- 
longed into a blunt superior cornu which articulates with the 
hyoid. The inferior cornu is a downward prolongation of the 
posterior edge which articulates with the cricoid cartilage. 
The inferior edge of the thyroid cartilage is attached to the 
upper edge of the cricoid by the crico thyroid ligament. This 
ligament is completely covered by the crico-thyroid muscle. The 
oblique line is replaced by a ridge of cartilage which commences 
below and in front along the lower border of the cartilage and 
is continued up in a crescentic manner to end well in front of 
the superior cornu. 

Cricoid GmrtHage . — The cricoid cartilage has the usual signet- 
ring shape. In the middle line it projects slightly in front of the 
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thyroid cartilage, and posteriorly it is expanded to form a well- 
marked lamina. 

Arytenoid Cartilages, — These are small pyramidal structures 
whicli are perched on the upper edge of the posterior surface of 
the ciicoid. It is stated by Lamport (1926) that the axis of the 
joint is horizontal. I have found that it is not quite horizontal, 
but that the axis is inclined slightly upwards and medially. The 
arytenoid cartilages are attached to the cincoid by strong liga- 
ments. Near the apex of the cartilage there is a small processus 
vocalis. The apex is attached to the posterior end of the ary- 
epiglottidean and the false vocal folds 

Ligaments of the Larynx, — The epiglottis is connected to the 
base of the tongue by strong glosso-epiglottic folds which enclose 
small feebly-developed muscle strands. These muscle fibres are 
intermingled with the fibres w'hich run from the base of the 
epiglottis to the body of the hyoid bone. The hyo-epiglottic fold 
is mainl}’^ a mucous fold and encloses the small amount of muscle 
fibres noted above. 

The hyoid bone and the thyroid are attached by the thyro- 
hyoid ligament which is attached to the posterior surface of the 
body and to the upper edge of the thyroid cartilage. Ln places it 
I is very weak. 

The crico-thyroid ligament is strongly developed in the middle 
line in front and in the region of the inferior cornu of the 
thyroid cartilage. In the latter region it forms part of the 
capsule of the crico-thyroid joint. The crico-arytenoid ligaments 
are attached to the base of the arytenoid and from there to the 
antero-medial surface of the posterior part of the cricoid cartilage. 
They are only capsular ligaments for the joint between the two 
cartilages. 

The false vocal fold is attached anterioi ly to the internal aspect 
of the thyroid laminas. From there it sweeps backwards and 
slightly downwards to reach the cartilage of Wrisberg, which is 
well developed Through this cartilage the fold is attached to 
the upper limit of the aiytenoid cartilage by a strong ligament. 
The true vocal fold arises from the thyroid angle immediately 
inferior to the origin of the faLe fold. It runs backwards to be 
attached to the processus vocalis of the arytenoid carticlage. 

Muscles of the Larynx. 

The Sterno-thyroid muscle arises from the deep surface of the 
sternum below the origin of the sterno-hyoid. The fibres are 
inserted into the crest on the lateral surface of the thyroid 
cartilage. 

The Thy^'o-hyoid muscle is very small owing to the close 
approximation of the hyoid to the thyroid cartilage. It is 
attached to the inferior border of the hyoid bone at the base of 
the. great cornu and below to the thyroid cartilage at the base 
of the superior cornu. It is extremely thin. 
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Crico»thyroid muscle is a fan-shaped muscle which arises from 
the whole of the inferior edge of the thyroid cai*tilage and the 
anterior edge of the inferior cornu of the cartilage. The fibres 
are inserted into the cricoid cartilage and the two muscle miisses 
meet in the middle line. The extent of the thyroid attachment 
varies slightly. The muscle fibres may be attached as far up on 
the lateral surface of the thyroid as tlie cuiwed crest, and thus 
come to lie immediately inferior to the fibres of the sterno-thyroid 
muscle. 

Grico-arytenoideus muscle. — The fibres of this muscle are 
arranged in two layers. The deeper layer is thin and consists 
of a few fibres which cross the middle line from one arytenoid 
cartilage to the one of the opposite side. These fibres are 
reported to be absent by Lampert, but they were seen in one 
fresh specimen dissected by me. The superficial part consists of 
oblique fibres which arise from the posterior surface and the 
medial border of the arytenoid cartilage and are inserted into 
the upper part of the cricoid cartilage in its posteiior lamina. 
The fibres may in some part cross the middle line, but this is 
infre(|uent. 

Thj^o-arytenoid muscle is attached anteriorly to the angle of 
the thyroid cartilage near the inferior border and for a few milli- 
metres above this. The muscle forms a single mass and is not 
divisible into an external and an internal portion. Hence there 
is no true vocalis. The muscle lies at the base of the true vocal 
fold and does not find its way into the fold, which is entirely 
membranous. 

Tlie muscles are supplied in the same way as the corresponding 
muscles in Man. 

Trachea, 

The length of the trachea varies slightly in the specimens 
examined. £u the female it is about three centimetres and 
in the male about four or slightly less. There are thirty rings. 
Some of these are double, but no more than two double rings 
have been seen in any specimen. In specimens which have 
been fixed in formol the rings overlap posteriorly, but in the 
fresh animal there is a distinct gap between the dot*sal ends of 
the rings. There is probably some smooth muscle connecting 
the ends of the rings. This has not been confirmed by sections. 

The trachea divides into a right ami a left bronchus. From 
the right main bronchus a branch arises which passes upwards 
into the upper lobe of the lung. This is the eparterial bronchus. 
Four main branches are given ofiT to the right lung, that is one 
to each lobe. On the left side the bronchus splits into two, an 
upper and a lower branch. 

Lunge, 

The right lung consists of four lobes-^n upper, ventiul^ 
lower, and asygos lobes. The upper lobe is folded over on 
pEoo. ZooL. Soo. — 1927, No, XLVI, 46 



700 


i)R. J. BEATTIE ON THE ANATOMY 


itself to produce a superficial and a deep lobule. In the 
same way the ventral lobe is folded over. The ventral lobe lies 
in relation to the right auricle. The lower lobe is the largest 
lobe. It lies in contact with the whole of the right cupola of 
the diaphragm and with the lateral thoracic wall as far as the 
fourth rib. TJie azygos lobe is L-shaj>ed. The descemlirg part 
lies in front of the lower part of the intra- thoracic portion of the 
oesophagus. The traiis\'erse limb crosses anterior to the oeso- 
phagus and posterior to the inferior vena cava. The transverse 
limb lies in the iufra-car<liac recess of the l ight pleuia which 
separates the right side of the heart from the diaphragm. The 
left lung consists of two lobes — an upper and a lower. These 
lobes are not subdivided by fissures. 

Each lobe described above is supplied by a separate branch of 
the pulmonary artery, drained by a single vein and has a single 
branch of the bronchus running into it. 

Pleural Cavity, 

The right pleural cavity extends from a few millimetres 
above the level of the first rib downwards as far ns the first 
lumbar vertebra on tlie scapular line. In front it extends to 
the level of the attachnieiit of the sixth costal cartilage to 
the sternum. The infra-cardiac recess opens out from tlie 
lowest part of the medial wall of the sac. The left sac does not 
extend so far downwards as the right. It is iuvaginated on its 
medial wall by the apex of the heart. 

The Urogenital System. 

The Urinary Organs, 

Kidney . — Both kidneys lie at the same level in the abdomen, 
from the second to the third lumbar vertebiw. Tlmy show no 
sign of lobulation. The upper pole is flattened for the supra- 
renal gland while the lower is more pointed. The general shape 
of the organ is “ kidney- shaped.” The organ does not show any 
impressions on its surface for contact with neigh boii ring organs. 
The upper pole of the right kidney is in contact with the caudate 
lobe of the liver and the right suprarenal gland. The upper pole 
of the left is in relation to the suprarenal gland of that side and 
with the diaphragm. The lateral surface of the right kidney is 
in contact with the ascending colon, and the lateral surface of "the 
left with the descending colon. 

The hilum of the kidney lies on the medial surface midway 
between the upper and lower poles. There is no pelvis to be 
seen externally. The vessels and ureter emerge in a bunch from 
the hilum. On section, the pelvis is seen to be small and into its 
lateral wall a single large pyramid is invaginated. The apex 
lies almost at the hilum but does not project into the ureter. 
Prom the base of the pyramid the collecting tubules radiate to 
all parts of the kidney. The cortex is relatively thick. 
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The urefcer is a single tube. It lies along the line of the 
apices of the transverse processes of the lumbar vertebree to 
the brim of the pelvis, where it crosses the common iliac artery 
where the internal artery is given oflf. In the female the tube 
passes into the base of the broad ligament lateral to the vagina 
and so into the base of the bladder. In the male the vas 
deferens hooks round it before it enters the bladder. 


Text-figure 39, 



TIi 9 th >i*icic vistjora aifter the roinovdl of the anterior part of the anterior wall of 
the pericardial sae. The tic^are shows the infra-cardiac sac of the rijrht 
X>learal cavity and the azygos lobe of the right lung lying within it. 


Urinary/ Bladder , — It is a conical organ. The apex is pro- 
longed into the urachus which stretches up on the inner surface 
of the abdominal wall. The base of the bladder or trigone 
has three openings which lie close together — these are the 
openings of the ureters and the urethral opening. The 
ureteric openings lie above the urethral opening which has a 
puckered margin. In the fresh specimen the musculature can 
be made out easily when the bladder is distended. There is a 
transverse bar of muscle tissue which stretches across between 

46 * 
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the ureters. From the trigone, longitudinal fibres arise which 
converge on the apex of the urachus. The circular fibres are 
present. They lie internal to the longitudinal fibres and are 
continued into the trigone and into the urethra. In the female 
the flattening of the trigone is not so marked. The urethra is 
bound in this sex to the lower part of the uterus by fine areolar 
tissue. Lower down it is firmly attached to the anterior vaginal 
wall. It opens into the anterior part of the urogenital sinus. 
The disposition of the external parts of the female genitalia are 
described in the section on the external genitalia. The whole 
condition is very reminiscent of the TarsiiLs condition. 

Male Genital Organs. 

Scrotum . — The skin of the scrotum is free from hair but 
covered with minute raised whitish areas. Pocock has noted 
these as being present in all the members of the IlapalidsB. The 
skin is usually wrinkled in preserved specimens, but in the fresh 
specimens it is relatively smooth. In one animal, as has been 
noted above, the scrotum did not contain the testes. These had 
been retracted towards the external abdominal ring. It is 
possible that a dartos muscle is present, but this has not been 
confirmed microscopically. There is a covering of deep fascia 
common to the abdominal wall and the scrotum. The fascia 
forms the septum between the two sides of the scrotum. 
Separated from the deep fascia by loose areolar tissue is a tubular 
sheath of fascia from the external oblique muscle. This sheath 
is the external spermatic fascia. Deep to this is another tubular 
sheath covering the structures of the cord and the parietal coat 
of the tunica vaginalis. This sheath is derived from the trans- 
versus abdorainus, and in it lie the fibres of the cremaster 
muscle, which are derived from the transversus abdoininus. 
There is no demonstrable sheet from the internal oblique muscle. 
The tunica vaginalis is composed of a parietal and a visceral layer. 
The tunica extends a considerable distance towards the external 
abdominal ring. There is a digital fossa partly separating the 
testis from the epididymis. This fossa extends the whole length 
of the epididymis. 

The Testis . — The testis is invested with a fibrous coat under 
the serous layer derived from the tunica vaginalis. This is the 
tunica albuginea. The arrangement of the fibrous structures 
and of the ducts is almost identical with that seen in the other 
Anthropoidea. The cells lining the ducts present the usual 
features. Fixation in the specimen sectioned was poor and the 
finer cytology of these cells was impossible to determine. They 
were identical with the cells of the human testis. Spermato- 
gensis seemed to be in abeyance and the spermatozoa seen were 
not normal. It is impossible to give a good account of these 
cells ns the animal had been in captivity for some time before 
death and considerable endocrine changes had taken place. 

Epididymis.-^Thin is a large mass of tissue lying along the 
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medial border of the testis and is almost one-lialf the size of 
the testis. The tail is large and forms almost one-half of the 
epididymis. From the lower pole of the organ the vas deferens 
arises and runs along the medial side of the epididymis towards 
the externa] abdominal ring. It passes through the inguinal 
canal and reaches the abdomen. It passes over the brim of the 
pelvis and lying medially crosses over the ureter. It then gains 
the posterior surface of the prostate and lies medial to the 
vesiculee seminales. It joins the duct of that organ to form 
the common ejaculatory duct and, passing forwards, it enters the 
prostatic urethra on the colliculus seminalis lateral to the medial 
depression in the centre of the colliculus. In its course to the 
urethra the common ejaculatory duct does not pass through 
the prostatic tissue but lies on the antero-superior surface of the 
gland . 

Vesiculcp. Seminales , — Tiiese are small and lie posterior to the 
prostate entirely within the pelvis. They measure about three 
milllimetres long and two broad. They are filled with a 
yellowish glairy fluid. The sac is a simple one with a short duct 
opening into the vas deferens. 

The microscopic stiucture of the other urogenital organs is 
identical with the condition found in Tarsiiis, Hence it is not 
proposed to describe the relations of the prostate and the struc- 
ture of the erectile tissue of the penis. 

Female Genital Organs, 

Vagina , — The vagina is divided into two parts — one the 
superficial which is a mere antero-posterior slit, and a deep part 
whicli is almost cylindricjil. Into the upper pail) of the deep 
portion the cervix of the uterus is iiivagiuated. The rounded 
cervix projects vertically downwards, and on its most inferior 
part shows a slit-like os externum. 

Uterus , — The uterus is best described as consisting of a cervix, 
a body, and a fundus. The cervix forms the lower fourth of the 
length of the uterus, the body the middle fourth, and the fundus 
the upper half. The uterus is very like the higher anthropoid 
uterus except for the fundus which is produced laterally into the 
tubal region. There is a median groove on the anterior surface 
of the upper part of the uterus which gives the impression that 
the lateral pi’ojection of the fundus is in reality a horn. The 
peritoneum is reflected from the uterus aliout the level of the 
lowest part of the fundus. Behind, the I’efiectiou extends below 
the level of the cervix on to the posterior wall of the vagina. 
The structure of the uterus has been worked out by Professor 
J. P. Hill. 

Fallopian Tubes , — These are short straight tubes embedded in 
the broad ligament of the uterus. They terminate in single 
fimbrife which lie along the inferior surface of the ovaries. 

O-raries.— They are the size of a small pea and are attached to 
the posterior layer of the broad ligament by a short mesovarium. 
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No corpora lutea weie seen. No sign of Wollfian tubules were 
found in the broad ligament. 

Broad Ligament . — The broad ligament stretches across from 
the lateral wall of the pelvis to the side of the uterus. Laterally 
and above it is continued into the ovarico-pelvic ligament in 
which run the ovarian vessels. The roupd ligament is present. 
The uterine ai tery passes along the side of the uterus and into 
the broad ligament to supply the Fallopian tube. 

The CENTRAii Nervous System. 

The central nervous system of Hapale has been investigated 
by Dr. H. H. Woollard, who is publishing at a later date a 
complete account of this system. Conse(|uently 1 shall merely 
summarise the points which he has pointed out in his work. He 
has most generously allowed me to make use of this before 
publication so that this pajier on the affinities of Uapalt will be 
as complete as possible. The list of literature on the brain has 
been omitted from the bibliography at the end of this paper. 

The brain of Hapale has been compared mainly with that of 
Tarsius and with a Mascarene Lemur. 

Cerebral Cortex. — 'I’he cortex is smooth and shows only four 
fissures : — 

1 . The lateral fissure. 

2. The superior temporal. 

3. The calcarine. 

4. The hippocampal. 

In Tarsius a calcarine is present and possibly a faint sugges- 
tion of a pre-sylvian and a central. 

The histological areas of the brain are well defined. The 
striate area is large and possesses a well-marked stria of Gen- 
narius. Tlie piriform area is confined entirely to the base of the 
brain and the hippocampus is deeply buried. In Tarsius, on 
the other hand, the piriform area appears on the lateral surface 
of the brain, but much less than in the Lemurs where a large 
area is exposed. Tarshis has a well-defined area striata. 

Commismres , — The corpus callosum of Hapale is large and 
possesses a genu and a rostrum and splenium. In Tarsitis there 
is no genu or splenium. The vential commissure is large in 
Tarsins and small in Hapale. The hippocampal commissure is 
small in both animals. 

Mid-hrain . — In a previous paper (1926) Woollard has de- 
scribed the relations and structure of the lateral geniculate 
body of both Tarsiua and Hapale. In Tarsius the medial and 
lateral geniculate bodies lie more dorsal than in Hapale. The 
pulvinar in Hapale is much more prominent. 

Woollard in this paper showed that with the development 
of a primordium maculie lutese there is a corresponding 
development of the lateral geniculate body. This Increase 
in the lateral geniculate body affects the central part of 
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the dorsal nucleus, Ilapaie^ which has developed a macula a 
stage further than Tarsius^ has a corresponding greater 
development of the central part of the dorsal nucleus and a 
corresponding diminution in size of the reflex parts of the 
lateral geniculate body. 

Cerebellum, — Tareiue differs from the Lemurs in that it does 
not possess a lobus paramediaiis. In HapaU this lobe is absent. 
Bolk regards the cerebellum of liapale as a very primitive 
structure and as the most primitive of all the monkeys, lie 
regards the cerebellum of the Platyrrhinai as the basal primate 
cerebellum, and of the animals belonging to this group he thinks 
that llapotXe is undoubtedly the most primitive. He also states 
that the Primates are not developed from any living Prosimian, 
but that there is a close resemblance l>etwe6n the cerebellum of 
Tarsius and that of Uapale. 

Pons, — Tarsius has a very primitive form of arrangement of 
the cells of tlie pons. The cells connected with the cerebro- 
pontine fibres are not numerous, while those connected with the 
formatio reticularis are at a maximum. In Hapah the cells 
connected with the cerebro-pontine fibres are more numerous 
and the cells of the ventral nucleus which are connected with 
the formatio reticularis have diminished. 

SUMMABY AND DiSCUSSiON. 

The summaries appended are intended to point out the close 
similaiity of the generjil structure of liapale with that of 
Tarsius, It is not pro|K)sed to draw general conclusions as 
to the exact place of the animal in the Primate family 
until a comf)lete iiiA^estigation has been made of several other 
PJatyrrhinae. 

External Characters. 

The animal is a small squirrel-like animal with large head and 
large flap-like ears. Tije flap is developed from the plica 
principalis i»s in Tarsius and indicates that the sense of hearing 
is well developed. On the face the tactile vibrissaE^ are well 
developed and arranged in a manner reminiscent of Tarsius, 
There is a carpal pad with a group of strong vibrissee arising 
from it. 

The tail is not prehensile, nor is there any trace in the 
specimens examined of scales with hairs projecting from beneath 
them as in Ptilocercus, 

The pes and manus cannot be compared directly with those 
of Tars'im^ as in that animal there is considerable specialisation 
of the foot and to a certain extent of the hand. When the 
pattern of the pads in the manus is compared with that found 
end described in Ptilocercus by Ije Gros Clark, the similarity is 
very striking. There has been a fusion of pads distinct and 
separate in the latter animal to form larger areas in ffapale^ 
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An examination of tbe arrangement of the epidermio ridges 
demonstrates that the basic pattern is identical in both. The 
fusion of the thenar anri first interdigital pads in the pes has 
produced a condition only a stage more advanced than that in 
Ptilocercus, Tlie pollex is not free in the sense that it can be 
apposed, but adduction and abduction although weak can be 
performed. The ha,llux is widely divergent from the remaining 
digits and bears a well>formed flattened nail. It can be adducted 
and abducted through a considerable mnge. It is used in exactly 
the same way as the hallux of Cebtta, that is to obtain a grip 
on the tree-trunk in addition to the support obtained by the 
clinging claws which bite into the bark. 

The face is flattened and the eyes look forwards, although the 
axes of the orbital cavity meet at an angle of 45 degrees and 
appear to face outwards as well as forwards. The nose is typical 
of the Platyrrhine group. The nostrils face outwards and 
slightly forwards. 

Tlie eyes do not appear to move much within their sockets 
during life ; but this apparent absence of conjugate movements is 
compensated for by the great mobility of the head on the verte- 
bral column, a condition like that in Tarsim, 

The i^keleton. 

In order that the outstanding characters of the skull may be 
readily compared with those of Ptihcercus and Tardus^ the 
following summary is arranged in tbe same order as the summary 
given by Le Gros Clark (1926) of tbe chai-acters of the skull in 
PtUocercua, 

Primitive Features, 

1. The premaxilla is small. It does not articulate with the 

frontal, and thus agrees with Tar sins and differs from 
Ptilocercus, 

2. The malar though large does not extend backwards to the 

glenoid region as in Ptilocercxis, It meets the lachr}mial 
in front. 

3. The lachrymal still possesses a facial portion, but this is very 

small. 

4. The lateral position of the mastoid region and the extent of 

the petrous temporal on the base of the skull. 

5. The basioccipital is short and wide. 

6. There is an entotym panic bulla. 

7. The nose is situated anterior to the brain- case. In this 

respect the condition is identical with that of Tarsius, 

8. The organ of Jacobson is similar to that of Tarsius which is 

closely related to that in the Marsupials. 

Lemurim FetUures, 

1 . The malar bone articulates with the frontal along the outer 
side of the orbit. It has a malar foramen which may be 
double. 
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2. The lachrymal foramen is situated immediately inside the 

orbital margin, or it may be regarded as marginal. 

3. The orbital cavity faces outwards and forwards. 

4. The supraorbital foramen is absent. 

5. The orbits are large. 

6. There is a large entotympanic bulla. 

7. The auditory ossicles are intermediate between those of the 

Nycticeboid lemurs and the Cebidse {Doran), 

8. The venous sinuses of the skull resemble Tarsins, 

9. l^he olfactory foramina are single as in Tarsius. 

10. The nasal region is identical in its structure with that of 
Tarsina. 

IL The tubular posterior nares are identical with Tarsitis. 

A nthropo id Feat urea, 

1. The face is considerably reduced. 

2. The orbitiil cavity is almost completely closed off from the 

temporal fossa. The inferior orbital hssure although long 
is narrow. 

3. The ethmoid forms part of the medial orbital wall. 

4. The tympanic bone is ring-shaped, but is expanded internally 

to form the floor and W'all and portion of the roof of the 
tympanic cavity. 

5. The an tero- internal portion of the bulla is not a single cavity 

but is made up of a number of small spaces. This is 
possibly a stage in the complete obliteration of this part of 
the bulla, 

6. The internal cai'otid artery lies in the septum of the bulla 

and gives oft’ no stapedial artery. 

7. The ossicles of the ear approach the condition in the Cebidse. 

8. There is a notch in place of the supm-orbital foramen. 

9. Tliere are three nasal turbinate bones. 

10. The cranial foramina are more anthropoid than in Tarania* 
The foramen rotundum is separate. The superior orbital 
Assure is complete. The foi’amen ovale is composite and 
transmits a small middle meningeal artery in addition to the 
third division of the fifth nerve. 

The Naaal liegion. 

The turbinal hones are three in number and at'e arranged as 
in 'Taraiua. The anterior portion of the nose in the dried skull is 
triangular and the posterior is tubular. The organ of Jacobson 
is similar in most respects to that of Taraiua» The absence of 
well-fixed material made it impossible to determine the exact 
histology of this area. The olfactory area is small. 

The Orbiidt CavUy. 

The walls of the orbital cavity are strikingly like those of 
Taraiua* The presphenoid forms a thin septum dividing off the 
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two cavities from each other. This septum is overlapped by 
the ethmoid in front and the orbital plate of the palate behind. 
On the lateral wall the frontal and malar have a wide articular 
margin. Below, the malar and the superior maxilla articulate 
for a considerable distance backwards, and hence there is formed 
a long infra-orbital canal. The inferior orbittil fissure is narrow 
and in the recent state is covered over by a thin membrane 
continuous with the periosteum of the bones* forming the 
boundaries of the fissure. 

The optic foramen is large. The superior orbital fissure i« 
large, and the great wing of the sphenoid forming its inferior 
boundary is carried laterally to articulate with the frontal. 
Within the orbital cavity two small foramina open into the 
posterior and lateral part of the wall ; these transmit meningeal 
vessels from the ophthalmic artery. The fortxmen rotundum is 
separate from the superior orbital fissure and is displaced down- 
wards so that it opens below the true orbital cavity. The 
orbital process of the palate is large. 

Dentition. 

The dentition of ffapale has been studied in such detail that it 
is unnecessary to detail it in extenso. The absence of the third 
molar differentiates the Hapalidse from the other Platyrrhina). 
The teeth when studied in section (Carter 1921 ) demonstrate a 
structure of the enamel which in the opinion of Carter shows 
tlmt there is some resemblance between that of Ifapale and those 
of Tarsius and Galago, The structure of the dentinal tubules in 
Hapale is almost identical with that in Callicebus, Although 
in his paper Carter does not figure Hapale^ the structure of the 
tooth in Callicehus figured in his paper may be taken as almost 
identical with that of Hapale, 

Vertebral Column, 

The number of vertebrae as far as the coccygeal region is the 
primitive number. Gregory is of the opinion that Hapale shows 
many features which link it closely to the arrangement and 
structure of the vertebrae of Nothxirctus, The close similarity to 
the Tarsius condition is very striking. Hapale has a much more 
primitive arrangement of the vertebrae than Nyctipiihecm^ which 
is regarded by Gregory as a much more primitive animal. 

Appendicular Skdeton, 

The shoulder-girdle presents many features of interest. The 
clavicle has a double bowing as in Man. The area for the 
pectoralis major (pars olavicularis) is large. Tlie bone is strong 
and pushes back the lateral angle of the scapula to the mid- 
axillary line. The supra-spinous fossa is small and there is no 
supra-scapular notch. On the whole the girdle is very similar to 
that of Tarsius, 
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The humerus is longer relatively than in Taraius ami resembles 
that of Gehua» The proximal end is similar in structure to that 
of Tarsiua, but the shaft has been lengthened, and with this 
increase in length the various ridges and elevations do not appear 
so prominent. Tliere is no entepicoiidylar foramen. Tlie 
articular surfaces on the inferior extremity of tlie bone are 
typical of the Taraiua condition. The radius and ulna are moi e 
bowe<l, and, if anything, are longer in proportion to tlie body- 
length than in Tarams. The arm as a whole is longer than 
Tarsius, 8upination and prouatioii are free movements. The 
distal extremities of the radius and ulna do not call for any 
remark. 

The carpus contains an os centrale. The lunate articulates 
mainly with the os magnum. The scaphoid is separate. The 
pisiform is insinuated between the distal end of the ulna and the 
cuneiform. 

The nianus presents some difficulty. Tf Gregory s opinion is 
to be accepted as correct, the condition of the distal segment of 
the fore limb must be regarded as secondary and specialised. 
The arrangement of the carpal bones and the musculature of tins 
portion of the limb approximate so closely to the very primitive 
condition described by Le Gros Clark in IHilocercus that it would 
be dangerous to accept this statement without reserve. It is 
more likely that JIapaU is more primitive than has been thought, 
and there has not been any specialisation in the fore limb in the 
direction of the typical Primate maruis. Jt is hard to conceive 
that Hapale specialised in the direction of flattened nails and 
expanded terminal plialanges, and then dropped these undoubtedly 
specialised features to return to a condition which approximates 
closely to that seen in some of the most primitive of the 
Insectivors, animals which have so many affinities to the Meta- 
theria. It is more likely that llapale deiived the present sharp 
clinging claw at a very early stage in its history from claws 
similar to those of an animal like IHilocercua, The pollex has 
become a simple digit although its musculature still remains 
well defined. 

The hind limb as far as the ankle bears close I'esemblance to 
Taraiua. Muscles which were specialised for leaping in Tarsias 
remain in a primitive condition. The extensors and the adductors 
in the thigli are much smaller than those in Tarskis. The 
caudo-femoralis is present in its primitive state. In the pes the 
design of the tarsus is identical in the main features with that of 
Piilocerctm. I'he great development of the flexor muscles is 
correlated wdth tlie clinging habit. The hallux has become 
abducted horn the side of the pes, but its head is still attached 
to the body of the p^ by a strong ligament attached to the head 
of the second metatarsal. Thus it is only the terminal or 
phalani^eal portion of the hallux which is free. The metatarsal 
has a limited mnge of movement, but it can be rotated on 
the entocuneiform to some extent. The pes appears to have 
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apecialised from a primitive insectivorous condition only in that 
the halluK has become feebly opposable. There is no evidence to 
suppose that HapaU ever had a flattened nail or flattened 
terminal phalanges on its pes. The metatarsals have become 
elongated secondarily from the primitive condition, but this 
appears to be due to the retention of a plantigrade method of 
progression in addition to the clinging habite when at rest. 
Abduction and adduction of the metatarsals can be eflected to 
give the animal a wider base of support when at i‘est. 

Central Nervous System. 

To summarise the conclusions readied by Br. Woollai’d on this 
system, it may be said that Hapale is a stage further on in the 
direction of the more specialised higher Primate brain. It bears 
many resemblances to the brain of Tarsius, The visual apparatus 
has become more specialised in conjunction with the acquisition 
of a macula lutea of the eye. Generally speaking, it is the most 
primitive brain of all the Primates, with the exception of the 
Prosimice including Tarsius. 

The brain of Hapale weighs one twenty-ninth of the body- 
weight of the animal (Hrdlifika). It is therefore the largest- 
brained of all the Primates in proportion to body-weight. 

Blood- Vascular System^ 

The heart is much more transverse than that organ in Tarsius. 
The pericardium is separated off from the diaphragm by a small 
infra-cardiac recess, but at the apex of the ventricles the peri- 
cardium is fused with the upper surface of the diaphragm. The 
great vessels arise in the typical primate manner. The vertebral 
arteries are large. The internal carotid arteries do not separate 
off from the common stem until above the level of the great 
cornu of the hyoid bone. The arrangement of the internal 
carotid artery within the skull is more advanced than in Tarsius. 
The stapedial artery is absent. 

The limb vessels are arranged in a primitive manner. 

Digestive System. 

The tongue has been discussed in the section on the digestive 
system. It has a tip which is covered with fungiform papillae. 
The intestinal tract is a more complicated structure than that in 
Tarsius. The stomach is |imple, but histological examination 
shows that there is a distinct diflerence between the arrangement 
of the glands at the cardia from those at the pyloric end. The 
small intestine is arranged in six small coils or loops, each of 
which receives a large branch from the superior mesentenc 
artery. The terminal ileum passes downwards along the medial 
edge of the ascending colon^ and turning upwai*ds joins the large 
intestine at a distinct angle. The large intestine forms a complete 
oval loop which surrounds the small intestine. The caecum, which 
is wide and ends at a blunt hooked extremity, normally lies in the 
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false pelvis. The ascending colon ascends along the right side of 
the abdomen as far as the inferior surface of the liver and then 
becomes transverse in its course. The splenic flexure is present, 
and sometimes it is |)ossible to identify an incipient pelvis loop. 
'J'he rectum is perfectly straight. The gut is simple in its 
mesenteric connections. Botation has progressed to the same 
extent as seen in Man. 'J'he transverse mesocolon is not fused 
to the under surface of the great omentum. 

The liver resembles the condition in Nycticehiut and is lodged 
almost entirely under cover of the ribs. The caudate lobe is 
large. The mesenteric attachments are simple and there is no 
bare area. The gall-bladder lies to the right of the middle line 
along the inferior surface of the right central lobe. 'J'he umbilical 
fissure is well marked. 

In general, the gut of ITa-pale presents an elaboration of the 
primitive condition seen in Ptilocercus and Tarsius, The length 
of tlie tul>e is greater in proportion to the body-lengtli in Hapale 
than in Tarsius, The liver is lem urine, and the primitive 
arrangement of fissures and lobes is retained. 

Urogenital System, 

The urogenital system in the male has many features of 
interest. The testes in two fully-grown animals whiclj had not 
been injected and which were received immediately after death, 
were retrained up into the inguinal fold and their upper poles 
were inserted into the external abdominal ring. Normally they 
lie within the scrotal sacs. The penis is buried in the mass of 
tissue which overlies tlie upper part of the pubic area. When 
everted it is seen that there is a faint suggestion of a frenum. 
The prepuce is not visible as a free fold of skin. The scrotal aaos 
are conipose<l of the same layers as in Man, except that it is not 
|>os$ib]e to demonstrate the presence of a dartos muscle under 
the skin. The cremaster is derived mainly from the internal 
oblique. 

The musculature and the prostate are arranged as in Man. 
The seminal vesicles lire smooth in some animals, but in others 
tliey are seen to be covered with small sacculations. On section 
these are seen to open freely into the general cavity of the 
vesicle. The vas deferens unites with the duct from the seminal 
vesicle to form a single common ejaculatory duct for each side. 

The female has a urethra which opens independently of the 
vagina. The urinary opening is situated anterior to the vaginal 
aperture as in the human subject. The uterus is single, but thei'e 
is a suggestion of a double uterus in some young animals caused 
by a shallow groove on the anterior surface of the body of the 
vagina. On section the uterus is seen to be single. The animal 
produces twins at a birth and 8ometime.s triplets. 

The embryology of the animal is being worked out by 
Professor J* P. Hill. The animal lias been bred successfully in 
captivity* (Litcas, 1927.) 
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ltespiratm* 2 / Sy8te7n, 

The structure of the larynx is interesting iu tliat it presents 
many primitive features and because of its close resemblance to 
I^arsim on one hand ami the less specialised members of the 
Oebidoe on the other. The lungs are less complex than in 
Tarsitis* On the right side there are four lobes and on the left 
only two. There is an azygos lobe on the right side. The 
pulmonary veins are arranged in a p)eculiar manner. On the 
right side all the lobar veins unite to form a single trunk which 
enter^ tlie left auricle. On the left side the veins from each lobe 
do not unite, hut enter tiie auricle separately. In this way 
Hapale is a sta^e more advanced than Tai'sivs^ where there aie 
only two pulmouar}'^ veins, one from each lung. 

The rings of the trachea are broad, a,nd there is a very thin 
membrane between them. The}" lie close together, and are 
incomplete behind. 

Myology. 

I do not wish to set out in any del ail the conditions described in 
Ilapale and compare them with the other Platyrrliinai until I have 
had an opportunity to investigate these animals more closely. 
In general, it is possible to state that Hapale demonstrates an 
exceedingly primitive type of mu.sculature more juimitive in 
many ways than that of 'J’arsiuSy but similar to that animal in so 
far as they both approach the primitive insectivore condition. 

General Conclusions. 

Hapale in the form of its brain and the changes which have 
taken place in its special sense organs presents a stage in the 
evolution of the Primates more advanced tlian tliat seen in 
Tareiua. These advanced characters are associated with tlie 
retention of many primitive features in its general anatomy. 
There is not sufficient evidence to justify the oouclusion of 
Gregory that the man us and pes of Hapale are specialised 
structures. On the other hand, there is ample evidence, as 
presented by an invevstigation of the bony structures of the foot, 
to justify the conclusion that Hapale still retains the primitive 
mauus and pes almost unaltered from the primitive insectivorous 
condition seen in Ftilocercua. 

In other ways the animal show.s signs of specialisation in the 
direction of the higher Primates. The arrangement of the lungs, 
the tendency to simplification of the lobes and the vascular 
connections, are more advanced than that seen in Tarsius. The 
digestive system, in many ways primitive, is more like that in 
some of the Oebid® than in the Lemurs. On the other hand, the 
form of the liver is still lemurine. 

The similarity in the structure of the skull of Hapale and 
TojreiuB can only be appreciated either by a close study of the 
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two auimals or by comparing the account given by Woollard 
with the account above. The striking similarity of the nasal 
region, the orbital cavity, the structure of’ the vertebral column, 
and the proximal segments of the limbs are too close to deny that 
there is no close relationship between these two animals. 

If TarahtH is regarded as “ standing at the base of the Primate 
stem^' and reaching “forth to the Simian forms/Hhen Ilapale 
is but a iiiodiBcation of the Tarsioid ancestor leading upwards 
towards the Platyrrhinije and is itself the most primitive and 
tarsioid of these forms. When the fossil record of the Platyr- 
rhintr becomes better known, it will connect up the Eocene 
Tarsioids with tlie recent PIatyrrhina% and it is possible that one 
of the stages in the phylogeiiy of the gi'oup wdll closely resemble 
the living Hapalida*. 

The absence of the third molar is, as has been pointed out 
above, but the logical conclusion to the retrogressive form of this 
tooth throughout the wliole of the primitive Primates. There 
will he found, there is little doubt, forms which present all the 
stages between tlie fossil I'arsioids and the living Hapalidse. 

The general conclusion may be summariseil thus ; — Taraiua has 
specialised in the direction of the higher Primates and also for 
a particular mode of progiession. Hapale has retained a primitive 
method of progression with a ujore highly specialised Primate 
brain. Thei*e is little doubt that there is every reason for 
separating off the Ilapalidje from the PlatyrrhineE? as Huxley did, 
and for regarding them as the most primitive of all the living 
mon keys. 

Whether the llapalida? throw any light on the origin of the 
Old World Monkeys and the Anthropoidea must remain undecided 
until a more critical study is made of members of these groups. 
It is better to regard the Hapalidte as the living survivors of a 
stage in the evolution of the Platyirhinie and as closely related 
to the anctistors of the living Tarsius and the fossil Eocene 
Tarsioids. 
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39. Tile Gibbons of the Genus llylohates. 
13v 11. 1. PouocK, F.11.8., F.Z.S. 


[Received May 24, 1927 : Read June 7, 1927.] 

(Text-Rguies 19-23.) 

The Gibbons of th© genus llylohates exhibit, within specific 
and subspecific limits, individual variation of colour surpassing, 
i believe, that of any other s|>ecies of mammals. This variability, 
totally unsusfiected, naturally led to the description of a nunil)er 
of spurious specie.s, of which most of th© names have long been 
consigned to the categoiy of synonyms. But even at the present 
time, owing partly to iiiappreciation of the affinities of the 
existing forms, partly to differences in th© modern interpretation 
of the term ‘‘species,’^ there seems to be no sort of agreement 
amongst systernatists as to the number of groups of that rank 
to be admitted, f'ormerly some six or seven were generally 
regarded as valid ; but Matschie admitted thirteen, and in th© 
latest monograph, iiauiely Elliots Review of the Primates 
pp, 149-175, 1913, as many as twelve are enumerated, although 
the status of a few of them is regarded as doubtful. 

'Die British Museum contains a good collection of skins and 
skulls of the genus ; and study of this material ha^ convinced 
me that there are only three definable species as 1 understiind 
that term. It is not, however, my purt)ose to give a complete 
syiionymical catiilogue of the group. All that I propose in this 
paper is to justify as far as possible the reduction above mentioned 
in tlie number of species, and to give my reasons for tlissenting 
from my predecessors in a few questions concerned with nomen- 
clature and other matters. 

One conclusion of general soological interest that has emerged 
from the work, but has not, 1 think, been previously apprehended, 
is the absence of secondary sexual characters in the genus. There 
may be, it is true, in some cases, differences in colour between 
adult males and females ; but I can find no reliable instance of 
differences between them in size and strength of lK)dy, skull, or 
teeth. In this respect Gibbons depart very strildngly fixim the 
rest of the Gatarhiiie Primates, and more particularly from their 
nearest allies, the Gorilla, Chimpanzee, and Oi'ang Utan, than 
from some of th© smaller monkeys. This sexual similailty I 
believe to be a secondarily acquired character ; and I find in it 
an item of evidence in favour of the view 1 long ago published 
that th© existing Gibbons are dwai*fed Anthropomorphs, dwarfed 
in the interests of their unique arboreal activities to which weight 
would be a serious disadvantage. 
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The external characters distinguishing the three species above 
referred to may be tabulated as follows : — 

Crown of the head comparatively fiat owing to the generally 
horizontal direction of the growth of the hairs ; a pale brow- 
hand ; postero-inferior i)ortion of the rim of the ear not oon- 
duent with the akin of the head ; clitoris comparatively short, 
not grooved below. 

b. Rump, including the nearly naked skin round the anus* the 
callosities and the genitalia mere naked and exposed, not 
concealed to so great an extent by the hairs of the surrounding 

areas; preputial tnft in males much smaller lar. 

h\ The above-mentioned areas not so naked and concealed to a 
much greater extent by the surrounding hairs ; preputial tuft 
larger, in fully adult or old males very long and beard-like hoolock. 

a\ Crown of head not flat, the hairs upstanding and forming in the 
adult a thick crest or mat ; no pale brow-band ; postoro-inferior 
portion of rim of ear confluent with the skin of the head; 
clitoris very long and grooved throughout beneath eoncolor. 

The three may be brieflj' distiiiguisliecl as follows by their 
cranial characters : — 

a. Interorbital septum inclined at a tolerably steep angle to the fore- 
head, the thickened upper edges of the orbits extending across 


the middle line. 

I, Smaller ; orbits relatively wider, inner ends of brow-ridges more 
strongly developed; facial portion of skull lower; maxillm 

weaker and teeth smaller .. lar. 

h\ Larger; orbits relatively narrower, inner ends of brow -ridges 
less strongly develoi>ed ; facial portion of skull higher ; jaws 

more massive, teeth larger ... hoolocl . 

h. Interorbital septem forming a continuous siope with the forehead 
above and nasals below ; the brow -ridges not extending across 
the middle line ; facial portion of skull low and relatively narrow 
across the orbits .. . eoncolor. 


From these tables it appears that II, Im* and //. hoolock a* • 
more closely related to one another than either is to H. eoncolor. 
Nevertheless JS. lar and H. hoolock cannot on the available 
evidence be assigned to the same species. In addition to the 
characters mentioned above they difier in voice. Moreover, 
according to Anderson they occur togetlier in some parts of 
Burma, i. e, Arakan, presumably without blending {cf. however 
below, p. 733). 

Hylobatbs lab Linn. 

Colour^ as described under the subspecific headings, exceedingly 
variable, and ranging from nearly black all over to uniformly 
pale fawn. 

Skull with comparatively low facial region, weak maxillie, and 
small teeth, but broad across the orbits, with brow-ridges strongly 
developed^ more noticeably so towards the middle line than in 
the other species, the interorbital area forming a marked angle 
with the frontal region above and with the nasals below, these 
bones typically horizontal or nearly so and giving a charac- 
teristically snub-nosed appearance to the face. (Text^fig. 19, 
p. 721.) 
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The clitoris small and ungrooved as in H, hoolock, not long 
and grooved beneath as in JT. conoolor ; the buttocks less over- 
grown with hair, and the preputial tuft of the male smaller than 
in JEC, hoolock- The ear, as in the latter, not confluent at the 
base behind with the side of the head as in U» concolor. 


Text-figure 19. 




Skull of Utr lar, ad. St from Bankachon, Tenasserim. 

S nat. siza. 

Distrihution, From Lower Burma and the adjoining areas of 
Siam and Oambodia sotithwards into the Malay Peninsxila and 
thence through Sumatm and Java to Borneo and the Sulu 
Islands. 
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Anderson long ago stated that he could perceive no cranial 
differences between the five forms lar^ pileatus^ agilia, leuciscua^ 
and mulleri which by most authors have been iiitherto cited as 
valid species. Since my observations bear out Anderson’s state- 
ment, 1 regard the Gibbons so named merely as subspecies of 
lar, tlie first form of the group to receive a name, the differences 
in colour between them . being, in my opinion, too unimportant 
to be granted specific value. 

Some of the differences in colour between these subspecies are 
summarised in the following analytical key : — 

a, At least tbe distal portions of the hands and feet, with the fingers 
and toes, white, and particularly conspicuously contrasted with 
the arras and legs in the black phase. 
h. Typically, hut not invariahly, the \vrist8 and ankles, as well as 
the hands and feet, wholly white; face raore constantly 
encircled with white, but uever a white stripe on the occiput 
defining a dark patch on the crown ; pale phase w' it bout black 
on the crown or on the lower side and cheeks ; genital hairs 
not contrasted in the dark phase, onl)' in the pale phase, in 

which they are brown 

y. Wrists and ankles and tops of hands and feet tievcr so wliite ; 
white facial area soiuctirue*' restricted to the brow-hand ; gene- 
rally a wdiitc band on the occiput defining a black patch on 
the crown in front; pule pha’^c generally with a dusky or 
black crow’n, frequently accompanied by a black shield on the 
chest and abdomen, and sometimea with black cheeks as well ; 
genital hairs conspicuously white in the black phase in the 
wale, ])ale, not brown, in the pale phase . 

y. The hands and feet, fingers and toes approximately the same 
colour as tbe arms and legs respectively, 
c. A black, or nearly black, and a pale huffy-white phase, with 
intermediates between them, occurring as in /ar and pileatug; 
the black phase with the posterior half of the back and the 

loins deep browm j no difliereiitiated dark crown 

No black or pale huffy -white phases, the range in colour less 
extensive; summit of the head darkened as in typical forms 
of piUat'Mt attd the cheeks, throat, ventral surface and inner 
■ side of arms and legs \ery often darker than the back ; hairs 
round the genitalia black or brown, darker than the surround- 
ing area and never forming a conspicuous tuft in the male. 
d* Colour typically slate-gi-ey, clouded to a gi’eater or lesser 
extent with brown ; ventral surface not darker than dorsal . 

Colour browner above, the ventral surface and inner side of 
limbs typically darker than the dorsal 

Subspecies lae Linn. 

Homo lar Linnasus, Mantiss Plant., App. p. 621, 1771 ; and 
of all recent authors under Hylohates. 

Colour mnging, irrespective of sex, from black through various 
shades of brown t© buff’ or almost cream, pale forms predomi- 
nating. A paler ring encircling the face, and the bands and feet 
typically white from the wrist and ankles to the tips of the 
ffngers and toes. The facial ring, however, varies considerably 
in width and, in the black phase, the wrists and ankles are 
sometimes black, the blackness very occasionally extending 
some distance along tbe top of the hands and feet. In the black 


lar. 


piJeatus, 


affilis. 


leucUcuB, 

mulleri. 
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phase the back is occasionally grizzled behind the shoulders, but 
the genital tuft in the male is black and there is no white Hue 
passing from the ear on to the occiput. In the pale phase also 
there is no dilferentiated dark patch on the crown, and the 
ventral surface is pale. 

DiatHhution, Arnkan and adjoining districts of Lower Burma 
{according to Anderson) ; Tenaseerim and the adjoining districts 
of Siam southwards into the Malay Peninsula. I have seen no 
examples of this race pi*ocure<l north of Tenasserim. 

The following are the ajjpioxiniate measurements, in inches, of 
a few selected large examples : — 


Locality, 

Hex, 

Head and 

1 Body. 

Hind , 
Foot. 

Tenasaerim . . 

^ : 

22i 

0 + 

» 

.. <? 1 

i 22 

6- 

•1 


20 

6+ 1 

Chonff Tranjx, Siam. . 

$ 

1 + ! 

+ ’ 

! Urn Pttiipr, Siam 


20 + 

6~ 

1 Palunig, Malaga ... . 


22 + 

51 i 


. 1 _ I 

The aveiage size is smaller than indicated by the examples 
measured^ the length of the head and body being more often 
than not under 20 inches. The weight is from about 12 lbs. to 

ir>lbs. 

Some skull-measurenients, in inin., are as follow’s: — 


' liOCttlity. 

1 Sex. 

i 

Total 

length. 

Baikal \ Ijg. ot 
lengtii. ! Palate. 

Lg. ot 

U pper 
Mi>lai*s. 

Orbital 

width. 

Zygomatic 
w idth. 

Tenasaerim 


no 

79 

37 

27 

66 

73 

u 

•! ? 

309 

78 

38 

27 

66 

74 

ft 

i V ^ 

108 

77 

86 

26 

66 

71 

»» 


100 

77 

37 

26 

66 ! 

73 

ft 

I J ' 

97 

09 

33 

23 

66 i 

70 


The British Miiseum has a very fine series of this Gibbon. 
Those from Tenasserim were obtained by the collectors of the 
Mammal Survey of British India, carried out by the Bombay 
Natural History Society, and those from the Malay Peninsula 
by Messrs. H* C. Robinson end C. Boden KIoss, 

Special attention may be drawn to two black males from 
Tenasserim which, in having the wrists and ankles black and 
the upper sides of the feet and to a less extent of the hands 
mark^ly infuscete, link in this respect typical H, larlar with 
the next form, if. lar pihatus. 
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Subspecies pileaxus Gray. 

Bylohates pihatus Gray, Proc, Zool, Soc. Lend, 1861 1 p. ISG, 
pi, xxi. ; and of subsequent authors. 

Hylobates lar pihatus C. B. Kloss, Proc. Zool. Soc. 1916, 
pp. 29-30. 

Resembling H, lar lar in presenting several colour-phases. 
The black phase with the hands and feet not so white as in 
typical Zar, the black from the wrist and ankle spreading 
more or less and with varying intensity on to their upper 
sides and on the foot even to the base of the toes, a variation 
only of occasional occurrence in JB, lar lar; the face some- 
times surrounded with a white band, as in typical H, lar lar^ 
sometimes the white band restricted to the forehead ; the crown 
of the head sometimes practically wholly black, sometimes 
with a more or less conspicuous greyish stripe passing from the 
ears on to the occiput and defining posteriorly a black triangular 
patch. Intergi'ading with H, lar lar in the above-mentioned 
characters, but always distinguishable from it by the tuft of 
hair round the penis being white and very conspicuous instead 
of black. 

The pale phase typically differs from the similar phase in 
H, lar lar in having a blackish aiea on the crown of the head 
and a large black area at least on the lower part of the chest and 
on the abdomen ; but sometimes in this phase the whole chest, 
the throat and the cheeks are also black. The type-specimen 
itself is intermediate between the black and pale phases, the 
back being brown instead of black. The palest of all the avail- 
able specimens are a young individual in which the general pallid 
hue of the pelage is merely relieved by a dusky patch on the 
head and an entirely pale adult female. 

DistrihiUion, S.E. Siam and Cambodia. 

In addition to the type above referred to, which came from 
Cambodia, the British Museum possesses several good specimens 
of this race collected by Mr, C. Boden Kloss in S.E. Siam, two 
adults and one young male from Klong Menao and an adult 
female from Lem Ngap. One of the adult males has the black 
patch on the crown practiciUly undefined posteriorly by a grey 
band, and can be scarcely distingxiished from an example of H. lar 
lar from Tenasserira, which has the upper side of the hands 
and feet blackish-grey, except by the whiteness of the hair-tuft 
on the penis. The adult female differs from most of the pale 
examples previously recorded in having the cheeks, throat, and 
fore part of the chest black, as well as the crown of the head, the 
belly, and the posterior area of the chest. 

The young male is the pale specimen, with the dusky crown- 
patch, above referred to. This specimen is of interest because 
its coloration is practically the same as that of adult female 
examples of H. conedar inhabiting the adjoining districts of Laos 
and Tonkin ; and in connection with this resemblance it may be 
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recalled that a female of concolor from Hainan, when changing 
colour, passed through a phase resembling typical pale examples 
of H. lar pileaiua in exhibiting a black patch on the chest and 
belly and on the crown. 

8o far as I am aware, Mr. 0. B. Kloss was the fiist author to 
state that H, pileatua is only a subspecies of if. lar (Proc. Zool. 
Soc. 1916, pp. 29~30). I came independently to the same con- 
clusion before reading Mr. Kloss’s remarks. 

The measurements, in inches, of three adults taken in the flesh 
by Mr, 0. B. Kloss are as follows : — 


iiocality. 

Sex. 

Head and 
Body. 

Hind : 
Foot. : 

Klong Menao, S.K. Siam . 

d 

19i- 

6+ j 

$i »» 

d 

1 184 + 

6 

hem Ngop, iS.E. Siam... 

9 

18 t + 

6- 


Some skull-measurements, in mm., are as follows: — 


Locality. 

Sex. 

Total 

length. 

i 

Basal , 
length. 

' 1 f i 

Lg. ol 
Palate. 

1 

Lg. of 
Upper 1 
Molars. < 

Orbital 

width. 

Zygomatic 

width. 

Klong Menao .. ! 

d ; 

106 

73 

36 

33 ! 

62 

74 

11 •••• 

^ i 

102 j 

73 

30 

26 1 

63 

68 

Lem Ngop ... . 

? 1 

100 1 

70 


35 1 

63 

07 

Cambodia (type) . 


98 ; 


37 j 

2* ; 

63 

76 








’ J 

: 


- 


Although somewhat meagre, these dimensional data suggest 
that IJ. lar pilecUas is a somewhat smaller X'ace than if. lar lar. 

Subspecies aqilis Cuv. 

llylohaies agilis F. Cuvier, Hist. Nat. Mamin, pis. v, <fc vi. 
1821 ; and of subsequent authore. 

Distinguishable from //. lar lar and IL lar pileatus by having 
the hands and fingers, the feet and toes wholly black in the 
black phase and approximately the Sfime colour as tiie arms and 
legs in the pale phase. Also in the black phase the back is 
chocolate-brown, somewhat paler on the loins and rump. Other 
colour-characters variable. The dark and pale phases and inter- 
mediates, between them, exist as in B, lar lar. The amount of 
white round the face in the dark phase is more variable than in 
//. lar Iwr and resembles that of U, lar pilealtis^ sometimes 
involving the throat, cheeks, and brow, sometimes existing only 
on the brow, where it may be represented by a very narrow 
band. Black individuals with a white brow-band are very like 
examples of B, koolock except for the brown tinge of the loins 
and hips, the irore naked rump, and the inconspicuous preputial 
tuft in the adult male. 
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The British Museum has a tolerably good series of skins of 
this race. The following particulars illustrate their variability 
in colour : — 

1. c? . Taiping, Perak. Deep brown on back, becoming paler 

chocolate-brown on loins, rump, and upper part of thighs ; 
ventral surface and limbs black, but tliroat browner than 
chest, whiskers dirty white, and a broa<l whitish brow- 
band. 

2. cf. Batu Tejor, Perak. Differing from No. 1 in having 

the whiskers deep brown, like the neck »ind head (?) ; a 
well-defined brow-band. 

3. $ . Maxwell Bill, Taiping, Perak. Like No. 2. 

4. $ . Tanjong ilantu, Dindings. Like No. 2, but the brow- 

band is much less distinct. 

5. Kedah. Very like No. 1 , 

6. Malacca. Very like No. 4. 

7. $ . Suimitra. Very like No. 1, but cheeks brown. 

8. $ . Pisang (? Padang), Sumatra. Like No. 1, but with 

throat as well as cheeks and brow dirty white. 

9. Sumatra. Interrnedinte in tint between the dark and light 

phases. 

10. Sumatra. Pale phase, cream or whitish-buft'all over. 

The following approximate measurements in inches are taken 
from skins collected by Messrs. H. C. Robinson and 0. Boden 
Kloss in the Malay Peninsula: — 


Locftlity, 

8t*x. 

Head and 
Body. 

Hind 

Foot. 

Taiping, Perak 


19i 

6^ + 

Batu Tijor, Perak .. . 

<? i 

i 19+ i 


Tanjong antu, Perak 

• ? 

18i~ 

6 

Taiping, Perak 

■ ^ i 


5— 


The measurements, in millimetres, of some adult skulls are as 
fallows : — 



The four skulls from Perak belong to the skins recorded abovBy 
and are enlisted in the same order. 
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The average dimensions both of the skins and skulls are in 
tolerably close agreement with those of lar and pileatvs. 

Subspecies lbuciscus Geoffr. 

Hylohates leucxscvs Geoffrey, Ann. du Mus. xix. p. 89 * ; and 
of subsequent authors. 

Distinguishable from the three preceding subspecies of Hylo^ 
bates lar by the general colour being tolerably uniforml)^ grey 
and subject to less individual variation, there being no pro- 
nounced black and buff phases ; but resembling agilis in having 
the hands and feet the same tint as the arms and legs, and the 
dorsal area at least sometimes paler posteriorly than anteriorly. 
The face is surrounded by paler hairs on the brow, cheeks, and 
throat as in some specimens, at all events, of /«/*, pileatuSy and 
agiliSf and, as in some specimens of jyiUaUts^ there is a darker 
patch on the head. The hairs round the genital area, at least 
in the male, are <leep brown, and show up as a conspicuous patch 
against the paler surrounding area. 

Distribiition. Java. 

According to Anderson and, following him, Forbes (Handb. 
of the Primates, II. p. 155), wlio was pei*sonally acquainted with 
the Gibbon in Java, the coat is thick and woolly and the general 
colour is ash3"-grey, paler on the lower back and rump : the top 
of the liead is black with a white superciliary streak, and the 
hair round the face is grey. 

This race is poorly represented in tlie British Museum, the 
only adult example being a male collected by G. 0. Shortridge 
at l^*eanger, 4000 feet, in Java. This specimen differs in some 
details from Forbes’s description. Tlie general colour above is 
slatj^-grey, clouded with brown, but the back is not appreciably 
paler behind than in front. The top of the liead is brownish- 
grey, blending on the neck with the paler slaty-grey hue of the 
bock, and sharply defined in front by a clear grej^ brow-band, 
which passes into the rather darker grey hue coveiing the cheeks 
as far liack as the ears and the thi*oat to the larynx. The 
shoulders in front are browner than the back ; but the chest is 
somewhat paler than the back, showing patches of dirty white. 
The preputial hair is black and conspicuous. 

Two half-gi-own specimens from the same locality in Java are 
similar to the adult, but are a shade browner on the limbs and 
have more dirt}' white below. 

The approximate measurements, in inches, of the only adult 
of which the dimensions are recorded are as follows : — 


liornlity. 

Sex. 

Head and 
Body. 

Hind 

Foot. 

Ear. 

Preanger, 4000 ^eot ... 


26 

6 

n- 


^ Owing to an eiTor by Wagnar the nama leuoiseus, aa Elliot pointed oat, was 
asoribad by Anderson and othm to Sohreber, 1775. 
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The length of the head and body of this specimen suggests 
that this Javan race may attain a greater size than the other 
subspecies of H. lar ; hut since only a single specimen is avail- 
able for comparison, no definite conclusion can as yet be drawn 
from the data. 

Subspecies mullebi Martin. 

Hylobates cortcolor Muller, Verb. Ges. p, 48, 1841; and of 
Anderson, Forbes, Elliot, and others (not concolor Harlan). 

Eylohates mulleri Martin, Hist, of Quadrupeds, p. 444, 1840 ; 
Hose, Mammals of Borneo, p. fi, 1893. 

Intergrading with ft. lar leuciscus^ and resembling it in having 
the hands and feet the same or neaily the same tint as the arms 
and legs, in the dark hue of the genital patch, and in the absence 
of the pale buff and black phases; but differing in the geneml 
tint of the dorsal surface being browner, without the slate-grey 
tinge, and the ventral surface usually darker than the dorsal. 

Looality. Borneo and the 8ulu Archipelago. 

The British Museum has a good series of skins of this Gibbon 
collected mostly l)y Mr. 0. Hose and Messrs. Robinson and Xloss. 
Judging from these, //. lar mulleri is more variable in colour 
than H, lar leuciscns ; but the available material of the lattei* is 
too scanty at present to justify insistence on this point. 

The following notes upon some of the specimens will illustrate 
the range in coloui* - 

Adult male from Paku, 8.W. Saraw ak (//. < \ J^obiuso^i). Very 
like the adult male of E. lar lencisom from Preanger, in Ja\'a, 
with the ventral surface pale, but the dorsal surface and the legs 
a paler, more bufly grey, without slaty tint. A sectuid male 
from the same locality is much browner. 

A young female from the Bar;nn River (C. Hose) is also 
similar to the Javan specimen, but is brownei* and less slate-grey 
above. 

These specimens with the pale ventral surface are intermediate 
between the Javan specimens and the typical Bornean specimens, 
which are darker below than above. A few of these may he 
noted. 

An adult male from Anyut Saribas, 8. Borneo {Robinson 
Kloss)., has the top of head black, fading into brown on the nape and 
set off by a grey brow-band ; whiskers greyish -brown ; nape, top 
of shoulders, arms and hands, and fore f>art of back <leep brown, 
fading posteriorly on the rump and legs to pale sepio-browii ; 
front of shoulders, fore-part of chest, and sides of neck black 
like the top of the head ; hind part of chest greyish, clouded 
with black, passing into greyish on belly. An adult female 
from the same locality is like the male, but is paler on the 
head, shoulders, and sides of neck, which are brown, not black ; 
the anterior portion of the back is also paler. An adult 
female from Betong Saribas, Sarawak, is a little paler above 
than the preceding, but the cheeks and throat are dusky brown, 
there is scarcely a trace of the pale brow-band, the feet are paler 
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than the legs^ and the whole of the ventral surface and the 
insides of the limbs are black. But an immature female from 
the same locality is nearly uniformly greyish or huffy brown on 
the shoulders and fore part of the back and paler buff on the 
loins, rump, legs, lower half of the arms, and on the belly, chest, 
and whiskers ; the head has a pale brow-band, but the dark 
patch on tlie crown is liardly differentiated. 

A large adult female from Cxunong Sidong, Samarahan, 1200 
feet, has dark cheeks like the adult female from Betong Sari has, 
but there is a distinct whitish brow-band, and the throat, chest, 
belly, and inside of the limbs are brownish, not black. 

In a series from the Baram River {C. Ifose) one adult male is 
as pale on the ventral as on tlie dorsal surface, as in leticiscus ; 
but the rest have the cheeks, the sides of the neck, the whole of 
the ventral surface, and the inside of the arms and of the legs 
to the knee blackish-brown, the front of the shoulders and the 
throat being blacker; the dorsal surface is golden or huffy 
brown from the occiput to tlie base of tlie thighs, the outside 
of the arms and legs brown, the top of the head blackish, and 
the brow-band greyish. These specimens v^ary in tint, some 
being lighter some darker both above and below; but the lower 
side is always darker than the upper, except in the one adult 
male, which is exceptional in this respect. 

An adult from Mt. Kina Balu resembles the series from Baram 
in a geneml way, but has a shaggier coat, and the black on the 
inner side of the arms and legs is much more sharply defined, 
forming a long band or stripe. 

The apymoxiniate dimensions, in inches, of some specimens 
measured by Messrs. 11. C. Robinson and Boden Kloss are as 
follows : — 


Locality. 

* 

Sex. 

Head and 
Btaly. 

Hind 

Foot. 

Kar. 

Saraanibau 

9 

22 + 

Oi- 


Aiiyut Saribaa ... 

S 


6i 

li- 

betong Saribas 

9 1 

19+ 1 

6i I 

H + 

Any at Saribas 

S \ 

19 

« ; 

1 


^ 1 

19 

6 1 

1 

! 


The following are some measurements, in millimetres, of skulls 
obtained by the same collectors : — 


Locality. 

Sex. 

Total 

length. 

length. 

Lg. ot 
Palate. 

! 

! Lg. of 

j PpiMil’ 

; Molars. 

Orbital 

width. 

) 

Zygomatic 

width. 

Samaraban .. .. 

9 

109 

79 

41 

• 26 

68 

71 

Anyut Saribas ... 

S 

109 

75 

37 

• 25 ' 

66 

69 

»» >» 

' s 

liM ' 

75 

37 

f 

i ‘ 

67 

71 

Paku, S. Sarawak' 


104 ! 

74 

37 

25 

1 

62 

' 70 

Anynt Saribas . | 

9 

108 i 

1 1 

71 

86 

1 28 ! 

62 

64 1 
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Hylobates hoolock Hail. 

Simla hoolock Harlan, Tr, Amer. Phil, Boc. iv, p. 52, pi. 2, 
1834 ; and of most subsequent authors under JlylobateB. 

HylohcUes ftmcus Winslow Lewis, Journ, Nat. Hist. Soc. 
Boston, i. pt. 1, p. 32, pis. 1 & 2, 1834, 

Ilylohates ckoromandus Ogilby, Proc. Zool. Soc. 1837, p, 689. 

Hyhhates acyritm Ogilby, Hoyle’s Illustr. Him. Bot. p. lx, 
1839. 

Exhibiting two well-marked colour- phases, the darker and the 
lighter, which, however, do not appear to intergrade, l>otli being 
subject to comparatively slight individual vaiiations. 

In the dark phase the entire pelage is black, sometimes tinged 
with brown on the shoulders and ventral surface ; but the black' 
ness of the bead is always relieved by a wide white or whitish- 
buff brow-band, which may be entire or mesially interrupted, 
and there is not iiifrequentl}’^ a patch of the siime hue behind 
the chin, which may extend up the sides of the cheeks to the 
brow- band completely encii cling the face. The genital hairs 
are black, greyish or reddish buff. 

The pale phase is more variable. The whole of the upper 
surhice and the outer and inner surfaces of the limbs may be a 
tolerably uniform golden or ruddy buff, or brownish buff clouded 
with brown on the back, or huffy-white on the head, nape, fore 
part of the back, shoulders, and firms, becoming clouded with 
brown on the flanks and loins and legs ; the hands and feet mav 
be the same tint as the arms and legs, but usually the digits, or 
at least their distal ends, are black. The brow-band is always 
whitish, but is only sharply defined when the crown behind it is 
brownish or buff, and the face is partially or wholly enciicled 
with whitish hairs, which generally spread inwards beneath the 
eyes. The whole of the ventral surface, at least in the middle 
line of the throat, and the cheeks up to the ears are a daiker or 
lighter brown, always darker than the dorsal surface, and the 
brown hue of the cheeks, often very dark, emphasises the pale 
rim round the face. The genital hairs are a paler or deeper 
brown or almost black, and always darker than the surrounding 
areas. 

Tlie colour of the young is variable. A young male from the 
North Shan States, weighing ^ lbs., is not so black above as 
the adults in the dark phase, and is <leci<ledly brownish on the 
cheeks and chest ; there are some gi eyish-brown hairs round 
the genitalia, but the preputial hairs are black. A half-grown 
male from Sadya, Assam, is brown, with the rump, thighs, and 
ventral surface dirty bufi*. 

In the adults of both sexes the callosities and the nearly 
naked skin round the anus and the genital area are less exposed 
and to a greater extent concealed by the surrounding hairs than 
in H. lar ; and in the adult males the preputial tuft, which may 
possibly vary seasonally, is much larger than in that species. 
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Sometimes it is remarkably large, consisting of long, wavy, harsh 
hairs, simulating a beard. 

The approximate measurements of the head and body, in 
Text-figure 20. 




Skull of SCylohatM hcoloek^ ad. from iriCamti, Upper Chindwin 
^ nat. size. 


inches, and of the skull, in millimetres, show that if. lioolock 
is somewhat larger than ff. lar ; and the skull further differs 
from that of H. lar in having larger teeth, more massive upper 
Pboo. Zool. Soc.— 1927, No. XL VIII. 48 
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jaws, relatively narrower orbits and, typically at all events, less 
well-developed brow-ridges. (Text-figs. 20, 21, pp. 731, 732.) 
The skulls vary individually to a considerable extent in the 
height and length of the cranial portion, the development of 
the brow-ridges, the slope of tlie nasals, the size and shape of 


Text-figure 21. 



Skill] of Hylohatet hoolockf ad. from Hoinalin, Upper Ohindwin. 
f nat. sixe. 


the orbits and of the anterior nares, and other particulars ; and 
some of them are not always easy to distinguish at a glance from 
some skulls of H. lar. Some of these variations may be seen in 
the sketches of the skull of two full-grown males from Upper 
Obindwin, the example from Homalin with the thickened orbits 
being an older animal than the other from H'Kamti 
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Disirihution, Assam (Lakhimpur, the Naga and Gai*o Hills, 
Gachar) ; Upper Burma (Kacbin Hills, Upper Chindwin, Bhamo, 
the Northern Bban States, Manipur) ; Chittagong : and, it is 
alleged, even Amkaii and Martaban in Lower Burma. 

The range of this species to the north, east and south of 
AkSshiii and Upper Burma is uncertain. The specimens I have 
seen came from Lakhimpur, the Naga Hills and other parts of 
.\ssam, and from the Upper Ghindwin and the North Shan 
States in Upper Burma. TJie discovery of this Gibbon by the 
Mammal Survey of India at J^akhimpur adds colour to the claim 
by Pemlw^rton, which was disputed by Blanford, that it is found 
in the hills of Bhutan. 

It has been claimed h}'^ Tickell and Anderson that this species 
occurs in Lower Burma, Arakan, Pegu, etc., and that JI, lar is 
found as far north as those districts in company witli II, hoolock, 
E have seen no examples of either species from those districts, 
Blanford atlmitted the occurreifce of II, hoolock in Arakan and 
Pegu, ljut <lis[mted the extension of II, lar so far to the north. 
The possibility of confusion between the s£)ecies must be borne 
in mind, because in the pale phase the two are not unlike. 
In II, lur, however, the dorsal surface is not so dark as in 
//. hoolocky and the ventral surface, although sometimes a little 
darker than the ilorsal, is never so <leep a tint as in the pale 
phase of //, hoolock,, and the wdiiteuess of the hands and feet 
and of the rim round the fa<»e is conspicuous at close quarters. 

Judging from the material at his disposal, Blyth thought the 
two colour-phaaes of II. hoolock were sexual, the males being 
black and the females brown. This view was (juite correctly 
disputed by Blanford, but was revived by "Elliot in 1913. It 
is nevertheless approximately true. All the male specimens 
I have seen exhibited the black phase and all the females, except 
one, the £mle jihase. This exceptional female, which the collector 
m'roneHiusly sexed as a male, came from H’Kamti in Upper 
(‘hindwiii. She is black, faintly tinged with brown, and has 
some greyish hairs on the sides of the face and a dirty white 
patch behind the chin. 

The following ai*e the approximate measurements, in English 
inches, and the weights, recorded by the collector of the Mammal 
Sui’vey, of some examples of //. hoolock : — 


Ltx'iilitv. 


‘ Head and 
Body. 


! Hati IChnli, (,Wliar HilN 

J 

25- 

6-1- 

■ I7i Ihs. 

1 H’lCainti, Uppt'r Chimlwiii - 

V 


6 + 

ui 

j Hoinalii), 

J 

24+ j 

0 + 

Id „ 1 

' ll’Kaaiti, „ „ 

J 

24 

t 

« + 

16 „ ! 

j »♦ »» t» 

J 

2df 

« 

iH 

1 Goktiek, N. Shan States ... 

<J 

23 ; 

« + 

m „ ; 

n »» »f 

9 

23 ' 

6- 


I Nargharita, Naga Hills 

9 

20 ! 

ayi 

14 1 

48^ 
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The following table shows some measurements, in millimetres, 
of skulls of H, hoolock *. — 


Locality. 

Sex. 

1 Total 
length. 

basal ! 
length. 

1 ' 

1 bg* 0^ 

Psilate. 

1 

Lg. of 
Upper 
Molars. 

j Orbital 

1 width. 

Zygomatic 

width. 

H’Kainti, Upper 
Chnidwiii ... , 

<? 

115 

85 

1 

40 

28 

i 

65 

74 

Po. Do 

9 

113 

1 84 

41 

30 

1 67 

76 

Mokokohuni?, 
Kaga Hills... 

(J 

j 113 

1 

86 

44 

! ; 

28 

64 

76 

Sadya, Assam 

S 

111 

85 

44 

30 

65 

71 

Homalin, Chiiid* 
win 

s 

109 

80 

40 1 

so 

66 

76 

Assam 

9 

100 

1 83 

40 1 

( 

29 

63 

71 


To the synonymy of IT, hoolock I have added the name, 
H, fuscus, given by Winslow Lewis in 1834 to a couple of 
Gibbons purchased from the menagerie of a rajah in Calcutta, 
and stated to have come from the “ vicinity of the Hiinalay 
Mountains.’’ The author was interested in the Apes’ anatomy, 
not in their specific characters, and merely described the colour 
as “dirty brown/' By Anderson, and, following him, Forbes, 
H, fuscus was regarded as doubtfully identical with the Bornean 
Gibbon. They thus neglected the locality of the original speci- 
mens. Elliot treated S.fitscu^s as a separate form of doubtful 
status without venturing to suggest its affinities with any of the 
others he described, adding, however, that “ the vicinity of the 
Hiraalay Mountains might mean anywhere.” 

It must be conceded, however, that the Gibbons exhibited in 
the menagerie of an Indian rajah and sold in Calcutta are morn 
likely to have been examples of the Hoolock than of any other 
kind of Gibbon ; and the Hoolock is tlie only Gibbon wliioh 
can truthfully be said to live in the vicinity of the Himalay 
Mountains. And since an author without interest in details 
of coloration might, in my opinion, very reasonably dismiss as 
“ dirty brown ” the tint of Hoolocks exhibiting the pale phase, 
I can find no grounds for objecting to iny identification on the 
score of colour. Winslow Lewis, however, fortunately gave a 
figure of the skull of IT, f metis; and this agrees in tlie contour 
of the facial region more closely with the skull of IT, hoolock 
than with the skull of any of the subspecies of //. lar or of 
H, ooncolor, here admitted. 

Examination of the type of H, ehoromivndtis Ogilby, preserved 
in the British Museum, confirms the opinion of previous workers 
that this Gibbon is an example of H, hoolock in the pale phase. 
It is a young individual, tawny or buff above, brown below, and 
on the "cheeks, with the face encircled with a pale band, which is 
broader and more conspicuous than usual. 
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Ogilby gave the name acyriius to the Hoelock of the Assamese 
without describing it. 

Hylobatbs concolor Harlan. 

Distinguishable from //. lar and 11. hoolocJc by the mode of 
growth of the hair on the crown of tlie liead, which, instead 
of lying flat, is more or less erect, and in adults forms a mat or 
even a crest, higher in the middle than at the sides ^ ; by the 
pinna of the ear being fused to a greater extent with the skin 
of the head, its posterior margin being inserted at a point some- 
what above the upper edge of the antitragus instead of some 
distance btdow itt ; and by the presence in the female of a long 
clitoris, grooved below, which depends beneath the vulva, simu- 
lating the penis of the malej. Also there is no white or pale 
brow-band in either the black or bufli* phase of colour. 

The skull, judging from the scanty available material, differs 
from those of //. lar and //. hoalock in the slope of the inter- 
orbital septum being inclined and continuous with that of the 
forehead, in the smaller i)row-ridges and the more lengthened 
jaws. The facial portion of the skull is lower ami the jaws 
less massive than in If. hoolock ; and the orbits are relatively 
narrower and have less tlii<’kened rims than in H. lar. 

Distrihution. ludo-Cliina: Tonkin, Hainan, Anuam, Laos, and 
Siam. 

The name concolor has been aasignetl by recent systematists to 
two distinct species of Ili/loltatfn^. Trusting to the correctness 
of llarlarrs statement that the type came from Borneo, Anderson 
(Zool, Res. Yunnan, p, 11, 1878) and, following him, Forbes 
(Handb. Prim. ii. p. 155, 1894), and Elliot (Rev. Primates, iii. 
p. 171, 1913) adopted it for the Bornean Gibbon described by 
Martin as II. mxdhri. Matschie (SB. Ges. Nat. F. Berlin, 1893, 
p. 211), on the other hand, judging apparently from the wholly 
Idack colour of the type, applied the name to the species Thomas 
subse<iuently described as hainanus. In this he was followed 
hv Pousargue (Bull. Mus. Paris, 1900, p. 272). Although when 
discussing on previous occasions the species of Gibbon now under 
notice I left its correct name unsettled, I now accept Matschie’s 
verdict ; and my reasons for so doing are as follows ; — 

(1) Like Pousargue, I am unable to find any evidence of the 
existence in Borneo of a wholly black Gibbon. As stated 
above, Bornean Gibbons, which 1 regard as a subspecies of 
H. lar^ may be black below and brown above, but there is 
always at least a pale brow-band The only entirely black 
Gibbons known are some examples of the present species 

• This crest is well shown in the copy of a photogniph of a black phase of the 
female specimen from Hainan reproduced on pi. v. illustrating my paper on the 
Hainan Gibbon (Proc. SSooI. Soc. 1906, pp. 169-180). 

t See my paper on “The External Characters of the Oatarhine Monkeys and 
Apes’* (Proc. Zool. Soc. 1926, pt. 4, p. 1493, text-6g. HI. B). 

t See my paper quoted in the last note, p. 1666. text-fig. 76, C. 
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and the Siiimang ; and the Siamang is excluded from con- 
sideration, as 1 pointed out in 1905, by Harlan’s state- 
ment that the type of B. concolor had no guttural sac. 

(2) Harlan described and figured the clitoris of tlie type of 

IT, concolor as very long and penis-like. A precisely similar 
clitoris was observed by Ponsarg^ue in the type of R. nasutxf,$ 
which came from Tonkin ; and the clitoris of the living adult 
female from Hainan I described was also so long that the 
donor of the animal to the Zoological Gardens regarded it as 
a male, just as Harlan regarded the type of concolor as an 
hermaphrodite. In Bornean (Bbbons the clitoris is quite 
different and lesembles that of II, Jar, 

(3) I formerly rejecteil the name concolor for the Hainan Gibbon 
because of Harlan’s statement that the coat of his specimen 
was thick, woolly, and frizzled, wdjereas in the three speci- 
mens of the Hainan Gibbon wdiicb I had then seen it was 
smooth and depressed. But fuither experience with this 
group of Apes has shown that the coat varies individually in 
the particulars mentioned, sometimes to a remai kahle extent, 
probably with season, altitude, and age. Hence its lengtli 
and texture are not dependable as systematic characters. 

(4) P>om the positive evidence supplied by the colour and by 
the structure of the clitoris the conclusion seems unavoid- 
able that the specimens to wdiieh the name concolor w’as 
given came from Hainan or the adjoining mainland of 
Tonkin, and not from Borneo. Probably it was secured 
from a dealer or was the pet of some private owner; and 
those who have reeeive<l animals from such sources know 
how completely unreliable is the information supplied 
regarding the countiy of their origin. A century ago tliis 
would be still more true than it is at tlio present time. 

The scanty material of this species at present available may 
be assigned provisionally to three subspecies baseil njion the 
colour of the throat and cheeks in tiie black phase. Tliey may 


be distinguished as follows;— 

a. Cheeks and tliroat black, matching the rest of the pelage concolor, 

a\ Cheeks and throat pale and sharply contrasted with the rest of 
the pelage, 

h. Cheeks and throat white Icucogcnyu, 

b\ Cheeks and throat reddish-buff* gahricUfc, 


I am unable to find any characters distinctive of these forms 
in the pale or buff stage ; and it is necessary to remembei* that 
other races of Gibbons, e. g. 11, W differ individually 

in the colour of the cheeks as much as the three races of 
H, concolor^ here provisionally admitted. 

Subspecies concobob Harlan. 

HyUhates toncolor Harlan, Journ. Acad. Nat. Sci. Philad, v. 
pt. 2, p. 231, pis. ix. X. 1837. 
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Hyloha/teB harlani Lesson, Bull. Sci. Nat, Paris, xiii. p. Ill, 
1827 (proposed as substitute for comolor), 

Hylohate^ niger Ogilby, Proc. Zool. Soc. 1840, p. 20 {errore for 
concolor Harlan). 

Hyhbates nnsutua Kunkel (rHerculais, Sci.et Nat. ii. pp. 86-89, 
fig,, 1884; also referred to, although not described, by A, Milne- 
Edwar<ls,*Le Nat. 1884, p. 497. 

Hylohatea hainanus Thomas, Ann. Mag. Nat. Hist. (6) ix. 
p. 145, 1892 ; Pocock, Proc. Zool. Soc. 1905, p. 160, pi. v. ; id. op. 
dt. 1925, pp. 1493 and 1555. 

Bylobates kenrid Ponsargues, Bull. Mus. Nat. Hist. Paris, 
1896, p. 367. 

Two colour-phases in the adult, the black phase showing no 
trace of a white or buff patch forming a half-collar round the 
throat and cheeks; the pale phase bull*, ochraceous-biifT or 
greyish-buff, with a bl.'mk or dusky ]>atoh on the crown of the 
head and extending on to the nape of the neck, 

Diatrihution, Tonkin and Hainan. 

The type of nmutus came from the coast near Along Bay in 
Tonkin, of hainanua from Hainan, ami of henrici from Laichan 
in Tonkin, near the Yunnan border. 

The types of concolor, umuttis, and hainanua exhibited the 
black phase of pelage, of henrici tlie pale phase. 

Bo far as I am aware, there is no evidence of the occurrence 
of the* bnti’ phase in males, and this phase may be the final colour 
of mature females. But, a.s 1 showed in 1905, an individual 
female may exliibit both these phases and others in the course 
of her life. This was established by observations u|>on an example 
from Hainan pre.sented to the Zoological Society by Mr, E. H, 
de St. Croix. When first procured, in July 1897, at the pre- 
sumed age of six or seven months, this Gibbon was a dark 
smoky-grey, as her on uer informed me. 81m soon, however, 
turned black; and totally black she remained until January 
1904, when she was alnmt seven years old, had attained 
her full size, and was sexually mature, as indicated by the 
appearance of menstruation. It was in Januaiy 1904 that Mr. 
de 8t. Croix brought her to England and dejwhitecl her in the 
Zoologicivl Gaitlens; and within a few months of her arrival 
she began to turn grey, apparently by a process of bleaching 
of the pelage. The bleacliing, how'ever, did not take place 
uniformly all over the body. Wlien it had been in progress for 
about three fnonths, there w’as a black patch on the head and 
nape, bordered on each side of the crown by a grey band reaching 
from the eyebrow to the ear, the throat was white, and the 
general hue of the body blackish-grey with a considerable 
quantity of blacker hair on the sides of the belly close to the 
thigh, a broad triangular black patch reaching fioni the collar- 
bones to the fore part of the belly and bonlered by a grey area 
paler than the back, the upper portion of the arms and legs 



738 


Mil. 11. I. POCOCK ON THE GIBBONS 


being paler than the lower. The black* however, gradually 
faded away until it finally disappeared, except on the crown of 
the head. In May 1905 she was brown or silvery-grey all over, 
with black superciliary vibrissie, a few black hairs on the fingers 
and toes, and a black cap on the head, broadest and blackest 
between the eais, fading into brown upon the forehead and 
narrowing towards the nape of the neck. 

In the black phase this Gibbon was exactly like the types of 
oo7icolor, 7iasntuSf and haina^uis^ and in the pale phase like the 
type of henrici ; and since the type of henrici^ like the type of 
nmutusy came from Tor kin, I have added Imirici to the synonymy 
of this race, in which the black phase has black cheeks, although 
Thomas, as explained below, legarded it as a synonym of leuco- 
genys^ in which the black phase has white cheeks. 

No adult skulls of this race are available for description, and 
no measurements taken from freshly-killed sj)ecimens have been 
recorded. 

Subspecies leucooenys Ogilby. 

llylobates lemogenys Ogilby, Proc. Zool. Soc. 1840, p. 20; 
Thomas, Proc. Zool. Soc. 1927, p. 42. 

Black pliase exhibiting a while patch on the throat and cheeks 
which does not involve the corneis of the mouth or lower lip. 
Pale phase golden-bufF, varying liere and there in intensity 
throughout, except for a blackish patch on the crown of the head 
and tile nape. 

JJistribuiio^i, Siam and Laos. 

There are four examples of this race in the Natural History 
Museum — namely, Ogilby’s type, a young male, ticketed Siam, 
an adult male and female from Xieii Quang Koo, and a young 
one from Surannaket in Laos, collected by Messrs. Delacour 
and Lowe, as recorded by Thomas. 

The adult male from Laos only differs in size from the type ; 
but the female is golden-buff in general tint, with a black patch 
on the head and nape, as above described. Except in being a 
little brighter coloured, as would be expected in a wild specimen, 
she differs in no important point from the female of cmcolor 
from Hainan as I described her in 1905 after she had clianged 
from black to greyish-brown or buff’. She also does not differ, 
as Thomas pointed out, from the type of hmrici ; and on the 
strength of this resemblance he added Imvtid to the synonymy 
of lerwogenys. It is needless to add that the similarity in the 
pale phase between the females from Hainan, Tonkin, and Laos 
is corroborative evidence of the close affinity between the Gibbons 
here grouped together as H. ccnicolor. 

Further evidence on this head is supplied by the changes 
of colour through which these Gibbons pass. According to 
Delacour, as quoted by Thomas, the young of both sexes of 
hucogmy^ is at first pale and then turns black ; but whereas the 
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male remains black for the rest of his life, the female again turns 
pale. The very young specimen from Surannaket is tawny, but 

Text-figure 22. 




Skall of M^tohatu coneolor leueogenjits, ad. from Xi«n Qoang Koo, Laos. 

} iiat. size. 

the moulting which is in process shows that the tawny hair 
would have been replaced by blackish-grey pelage. This was the 
colour*phase exhibited by the young example from Hainan when 
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it first came into the hands of Mr. St. Oroix, who presented it to 
the Zoological Gardens, and this Gibbon subsequently passed 
through exactly the same colour-change as that which M. 
Delacour now records as occurring in leucogenys. 

The approximate dimensions, in inches, of the adults from 
Laos, as recorded by the collectoi-s, are as follows : — 


i 

' Sex. 

! 

Head and ! 
Body. 1 

Hind 

Foot. 

1 

1 Eav. 

i 

^ i 

22 1 

6i + 

! 


j 21i+ i 

6- 

I 


These measurements agree very closely with those of Hylo- 
hates lar^ but indicate an animal smaller on the average than 
H, hoolock. 

The measurements, in millimetres, of their skulls are as 
follows : — 


Sex. 

Total 

length. 

BaKal 

hnigtli. 

Lg. of 
Palate. 

bg. of 
Upper 
M olavh. 

Orbital 

wjdth. 

Zygomatic 

width. 

<? 

iia i 

80 

43 

27 

C7 

78 j 

? 

112 i 

1 

79 

41 

29 

62 



Subspecies GABRiELLiE Thos. 

Hylobates gahriellve Thomas, Ann. Mag. Nat. Hist. (8) p. 112, 
1909. 

Difiers from typical leucogenys in the colour of the patch on 
the throat and cheeks being rusty-buff instead of white, and in 
the extension of the patcli to the corners of the mouth and a 
little way along the edge of the lower lip. 

Distribution, Lang Bian, 1500 feet, 100 kilometres inland 
from Phanrang in Southern Annam. 

Only a single specimen of this race is available. It is an 
adult male exhibiting the black phase, the jiale phase being 
unknown. Whetlier this specimen will ultimately prove to 
represent a race distinct from H, I, leucogenys must for the 
present be left unsettled. The difierences are veiy slight and 
may prove to be of no systematic value. 

The measurements, in millimetres, of the skull of this speci- 
men are as follows : — 


Sex, 

Total 

length. 

Basal 

length. 

Lg. of 
Palate. 

{ 

Lg. of 
Upper 
Molars. 

Orbital 

width. 



Zygomatic 

width. 

T 

117 

aa 

48 

27 1 

66 

i 

76 
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The skull differs in shape from that of the male of II. letwo- 
gmys recorded above, and lias much more strongly developed 
orbital rims ; but the differences between them, as shown by the 


Text-agure 23. 




Skull of MylohaUs conrolor gahrieUiBt ad. from Lani^ Biaii, Annam. 
I nat. aiaie. 


figures (text-figs. 22, 23, pp. 739, 741), are not greater than those 
between the two examples of the skulls of H. hoolock described 
and figured above (pp. 731, 732), and may be confidently ascribed 
to age and rejected as of no systematic value. 
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40. Some Barnacles in the British Musenm (Nat. Hist.). 
By C. A. Nilsson-Cantell, Fil.Dr., Sweden *. 

[Keceired April 1, 1927 : Read June 7, 1027.J 
(Plate l.t; Text-figures 1-19.) 

Inthoduction. 

The descriptions published below are the fruits of work on the 
Oirripeds which I had the opportunity of carrying out during a 
sojourn at the British Museum, London, in the summer of 1925. 
For this opportunity I desire to acknowledge the kindness of 
Dr. W. T. Caiman. By the loan of material it was possible for 
me to complete this work. My material contains, it is true, no 
species, new to science, but its value should not therefore be 
underrated, as I have in many cases taken up imperfectly-known 
species, for which more complete determinations are given. A 
number of Cirriped species have been very uncertain owing to 
im{>erfect descriptions. I was able to establish some as being 
synonymous, and to show that othei*s which had been described 
from single individuals are merely variations of species already 
known. 

The material is, in a certain sense, heterogeneous, being 
collected from various widely-separated localities and not the 
work of a single expedition or collector. The major part 
however, has been collected by English cable-ships belonging to 
the “ Eastern and Associated Telegraph Companies,” 

Finally, it is of some interest to note that several new localities 
have been discovered, whereby our knowledge of the distribution 
of the Oirripedia has been increased. 

DESCBIPTIONS. 

Genus Scalpellum. 

ScALi^ELLUM VELUTiNUM Hoek, 1883. (Text-fig. 1.) 

Scalpellum velutinnm Hoek, 1883; Gruvel, 1902 1905, 1920; 

Annandale, 1905, 1908(?), 1911, 1916(?); Pilsbry, 1907a; 
Caiman, 1918; Weltner, 1922; Barnai^, 1925. 

Scalpellum exiviium. Hoek, 1883. 

Scalpellum sordidum Aurivillius, 1898. 

Scalpellum erectum Aurivilliu.s 1898. 

Scalpellum alainm Gruvel, 1902 a. 

Diseueeion and complementary deea'iption. 

This species deaeril)ed by Hoek <lisplays some variations in the 
external parts which was the cause of several species being united 

• CommuiiicAted by Dr. W. T. Calman, F.R.8., F.Z.S. 

+ For exptaiiRtioii of tbe Plato, see p. 790. 
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under this name by Gruvel (1902 a and 1920). Gruvel, at the 
same time, gave a lengthy description of the internal parts* 
Unfortunately, such descriptions are lacking for many allied 
species* 

The figure of this s[)ecies given by Annandale (1908, pi. iv, 
fig* 7) offers points of interest. The specimen represented seems 
externally to agree with other figureKS of the species, with the 


Text-fiffuro 1. 




Scalpellum velutinum Iloek. 

Palpus. 6, Mandible, c. Maxilla I. d. Maxilla II. e. Cirrus VI. and caudal 
appendage. /I The animal, lateral view, Rostrum and rostral latera. 
A. Carina and carinal latera. 


exception of the carinal latera, which are more projecting. This 
may, perhaps, be deemed an accidental variation, as Gruvel 
(1902 a) also represents similar examples. An allied species, 
Sc* pedmiculatum Iloek, 1883, from New Zealand also has such 
carinal latera* In a later work (1916) Annandale figures the 
mandibles of his specimens of Sc. velutinum (pi. vi. fig. 6), which 
diflfer considerably from the description given by Gruvel (1902 a)^ 
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which description agrees with what I have found here. In the 
species of Scalpelluw the mandibles appear to be fairly constant 
with regard to the number of teetli. Tlius it is uncertain 
whether these specimens depicted by Annandale from the Indian 
Ocean (Gulf of Oman) really are typical Sc, velutinum. 

In this connection it is worth mentioning that a specimen 
recorded by Annandale (1013) as Sc, velutinum got this name 
by some mistake. Caiman (1918) has shown that it must be 
corisidere<l to be Sc, (.mvandxdel Caiman, 1918. 

A figure of my specimen is here given for comparison so as to 
avoid confusion when <lealmg u’ith allied forms in the future. 

The mouth-parts correspond tdosely to Gravel’s description. 

Palp conical, with bristles along the edge and at the point. 

Mmidlhle with 3 teeth ami a pectinated inner angle. 

Maxilla 7. with nearly straight edge without a notch. 

Maxilla TI, clearly bilohate, with a notch on the middle without 
spines. 

Meamremsats {\n inillinietres) : — 

Length of capitiilum, 30. 

Breadth of capitulum, 19. 

Length of peduncle, 18. 

Breadth of peduncle, 12. 

Number of segms tits of the Cirri * 

I. 11. Ill, IV. V. 

11 16 22 21 23 24 24 25 28 28 

Ch^ri I, and JI, with rami of unequal lengtli. The rest with 
rami of e<pial lengtij. The longer cirri with 4 pairs of spines on 
the front edge, 

(Caudal appendages of about tlie same length as the first 
segment of the protopod ite. Ilie number of segments seems to 
vary somewhat. Gravel giving 7-B, Caiman 4-6, In any case 
the appendage is short and has few segments. 

Locality, Singapore district. Eastern Extension, Australasia 
and China Telegraph Companies. 

Distribution, The species is found in numei*ous localities of the 
Atlantic Ocean between Irfit. 72® N. and Lat. 34® 32' S. (Gruvel, 
1902 a ; Barnard, 1926). Moreover, apart from Annandale’s find, 
mentioned above, it occurs in the Indian Ocean and the Malay 
Archipelago. Usually obtained at depths from 35 to 1425 fathoms 
(64-2606 m.). 

ScAPBLLUM RUBRUM Hoek, 1883. (Text-fig. 2.) 

ScalpeUum rubrum lloek, 1883; Gruvel, 1906; Pilsbry, 1911; 
Caiman, 1918; Broch, 1922. 

* Namber of begments are referred to the same iudividaals for which measare* 
menti are given. 




746 


Da. 0. A. NILSSON-OAOTKLL ON SOME 


Diaefmsion and comjdeimrUary description* 

These four specimens from the Malay Archipelago resembled 
those described by Caiman (1918) from the same region, as they 
were almost entirely, except the caritia, without the red colour of 
the plates, which was supposed to distinguish the species. They 


Text-figure 2. 



Scalpellum ruhrum Hoek. 

a. Palpns. 5. Mandible* c. Maxilla I. d. Maxilla 11. e. Cirrus VI. and caudal 
appendage. /. The animal, lateral view, ff. Rostrum and rostral latera. 
h. Carina and carinal plate. 


had, on the other hand, an evident green colour. This species is 
reminiscent of several others, wherefore Broch (1922) supposes 
that Sc, rubrum and indicum Hoek, 1 883 may be regarded as 
younger individuals of Sc. darwini Hoek, 1883. However this 
may be, these specimens agree closely with the lengthy description 
by Pilsbry (1911), particularly in the inner parts and especially in 
the caudal appendages. An external similarity exists, for instance^ 
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between aS'c. rw&TMTTi and Sc. uniaHleidatum A.\xt\\oY^ 1921. The 
latter is without bordering ribs on the carina, but this difference 
might conceivably be dno to a difference of age. Examination of 
internal parts shows, however, that the species evidently differ 
in mouth -parts and caudal appendages. For comparison a figure 
of the animal is given with mouth-parts and caudal appendages 
(text-fig. 2). 


As regards mouth -parts, one notes especially the mandible, 
which, according to Pilsbry, has 4 teeth and a multispinous inner 
angle. In the specimen I examined, one mandible had 4 teeth 
and the other a smaller fith tooth between the original 1 and 2, 
In my opinion the number of teeth in the mandible lias gz*eat 
systematic value. This species has never less than 4 teeth. 
Many species of Scalpellum have .3 teeth and an inner angle. 

Mdxilla /. also characteristic, with no notch on the front edge. 

Max'iUa //. with evident notch as in most -species. 

MemuremcnU (in millimetres): — 

Length of capitulnm, 28. 

Breadth of capitulnm, 14. 

Length of peduncle, 18. 

Breadth of peduncle, 11. 

Xi(,mhev of segments of the Cirri 


VI. Camlal 

appendage. 
20 20 19 


This is in agreement with the statements of Pilsbry: cirrus I. 
with 8 and 1 1 segments, cirrus Y. with 27 and 27, caudal 
appendage with 17; and Caiman: cirrus V. with 25 and 25 
segirients, caudal appendage with 20. 

New localities, Hahul Bank, S. of Timor, Lat. 10® 30' S., 
Long. 126® 35' E., 100 fathoms (183 m.), 1.9.1919. C. S. 
‘ llecorder.’ Pres, by Eastern and Associated Telegraph Companies. 

Distribution. Japanese waters, Malay Archipelago. 


Scalpellum moluccanum Hoek, 1883. (Text-fig. 3.) 

Scalpellum moluccanum Hoek, 1883, 1907 ; Gruvel, 1905. 

Discussion mid complsTnsntary description. 

Several externally rather similar species have been described — 
for instance, Sc, mclwseanum Hoek, 1883$iS^o. regi«r/t (Wyv. Tliom- 
son, 1877), Sc, moUe AuriviUius, 1898; the first from the Malay 
Aixhipelago and the two latter from the Atlantic. As the inner 
parts of some of them have not been examined, it is haid to 
decide whether they are properly distinguished. The specimens 
from the Malay Archipelago and the Pacific here described are 
regarded as So, moluccanum^ which 1 have been able to study 
closely in the collections of the British Museum. Hoek says of 

pROO. ZooL* Soo. — 19279 XLIX. 49 
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tke species 1883, p 106: “Ifc is extremely difficult to decide 
whether one is right in considering the specimens taken at 
Station 195 as specifically distinct from Scalpellum regium,^^ 

The specimens of Sc, regium figured by Gruvel (1920, pi. u 
fig* 7) agree fairly well with my own, the carina being provided 


Text-figure 3, 



Sealpellitm moluccc^num Hoek. 

a. Palpus, h. Mandible, c. Maxilla 1. d. Maxilla II. e. CiiTus VI. and caudal 
appendage. /. The animal, lateral view, g. Rostrum and rostral latera. 
h, Carina and carinal latera. 

with bordering rib8. This characteristic is not mentioned with 
regard to any species in Hoek’s original description. Sc, moluo- 
canwm lacks a description of the inner parts which Sc, regium 
has, both by Hoek (1883) and Pilsbiy (1907 a). My specimens 
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agree best with moluccam/fim as regai*ds locality also. We are 
tints unable at present to decide whether the species are clearly 
distinguished. Hoek’s statement as to the hairiness or hairless- 
ness of the capitulum and as to the greater or less breadth of the 
carinal latus are certainly of no great value, since these characters 
are variable. 

The appearance of the outer parts in my specimens will be 
plain from text-fig. 3. The external similarity to Sc. rtth'um is 
very considerahle. But this specimen is plainly divergent in the 
oecludent margin of the capitulum, which becomes straighter and 
less convex than in Sc. moluccanum. This last character may 
possibly be subject to variation. This is, however, unimportant, 
as the species are plainly distinguished in other characters. A 
detail of some interest is whether the carina is dorsally convex 
or provided with bordering ribs. Pilsbry, like Hoek, finds in the 
typical Sc. rctjmm a convex carina, but in the subspecies 
it is concave with ribs. Gruver.s specimens (1920) also have 
bordering ribs on the carina, but are described as Sc. reginm. 
Presumably there is here a certain variation. In my specimens 
there are very small and insignificant ribs. The value to be 
assigned to this ohariicter is thus doubtful. 

Moidhr-purts. lAihrnm armed with teeth. 

Palp conii'al, of normal appearance. 

Mandible with 3 teeth and a pectinated inner angle. 

^f axilla T. with straight front edge, somewhat prominent under- 
neat h. Bpines largest at the top. 

Maxilla 11. with a spineless slight notch on the middle of the 
front edge. 

Meamirementi^ (in millimetres) : — 

Length of capituhnn, 18. 

Breadth of capitulum, 12. 

Length of peduncle, 12. 

Breadth of peduncle, 7. 


Xumhcr of aegmeiUa of the Oirri : — 


I. 



10 13 24 27 30 30 31 33 31 31 


VI. 

31 83 


Caudal 

apT>6ndage. 

5 


No penifi. 

'File ca^t(ial appendage in the full-grown individual somewhat 
longer tlian the proximal segment of the protopodite. In the 
smaller, not full-growui individual, shorter, with only two 
segments. For Sc. I'egium 4-6 segments are given. 

Prom the similarity of the inner parts of Sc. regium and 
moluocanum it may, perhaps, be concluded that tlie species are, 
at any rate, closely related. 

Xew localiiies, Lat. 37® S., Long. 163° 30' E., 1500 fath. 
(2745 m.), 6. 3. 1918. Pros, by Eastern and Associated Telegraph 
Oompanies.— Lat. 9° 16' S., Long. 117° 8' 1380 fath. 

{2525 m.), 16. 7. 1907. Pres, by F. Wood Jones. 


49 # 
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IHstrihuti(m, Malay Archipelago. The Pacific between Aixs- 
tralia and New Zealand. At gt^eat depths. 

ScALPELLUM DiSTiNCTfTM Hoek, 1883. (Text-fig. 4.) 

Scalpellum distincium Hoek, 1883, 1907 ; Gruvel, 1905. 


Text-figure 4. 



Scalpellum dUtinctum Hook. 

a. Palpus. h» Mandible, e. Maxilla 1. d. Maxilla II. 0 . Cirrus VI. and caudal 
appendage. /. The animal, lateral view, g. Rostrum and rostral liitera. 
h, Carina and carinal latera. 

Cofnphrmntary description. 

This i^ecies dealt with by Hoek (1883 and 1907) is here 
represented by a large specimen. As the species can easily be 
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identified and good descriptions exist, I shall only give a little 
supplementary information. 

'Che agreement in the shape of the plates will appear from a 
comparison of text-fig. 4 and Hoek^s figures of the species. As 
in lloek’s specimen, 1 find evident chitinous sutures between the 
plates and, moreover, the liiies of growth of the plates are plainly 
visible. Hoek asserts (1907) that the streakiness of the plates is 
less evident than appears from pi. vi. fig. 10, 1883. There would 
seem t<^ bo some variation here. 

The according to Hoek (1883) with the umbo at the 

apex ; according to Hoek (1907) somewhat under the apex, which 
latter 1 also found in my specimens. 

Another <letail of interest is the rostrum, which, according 
to Hoek, is absent. The fact that occasionally an extremely 
reiluce<l rostrum occurs is shown by this specimen (text-fig. 4), 
a fine instance of the constantly proceeding reduction of this 
plate. 

The remaining plates agree with the statements of Hoek. 

PeilancUy too, displays the same regular arrangement of scales 
in rows as in Hoek's individual — at any rate as I'egai'ds the upper 
part of peduncle. 

MemftremenU (in millimetres) ; — 

Ijcngth of capitulum, 19, 

Breadth of capitulum, 11. 

Length of pe<hincle, fi. 

Breadth of peduncle, 6. 

Mouth-jyaHs not previously depicted ; tlescribed by Hoek (1907), 

Pnlp conical, witli spines at the point. 

Maiullble witli 3 teeth and a short inner angle, delicately 
pectinated, as stated by Hoek (1907), 

L with slight notch with strong spines at the top 
diminishing in size down\Mirds. 

Mfuvilla IL with long spines along the straight front ^dge 
which passes evenly into the upper edge, also provided with 
spines. Behind, a very well -developed maxillary lobe, wdiich is 
also stated by Hoek. 

Caudal apj)endage^ wliich is here somewhat longer than the 
protopod it e and composed of 5 joints, agrees well with the 
statement of Hoek. 

Complemmtal mah^ described by Hoek, was not met with in 
this specimen. 

New locality. Lat. 9^ 16' S., JLiOng. 115" 10' E., 800-1500 fath. 
(1440-2745 m.), 29.3,1916. Pres, by Eastern and Associated 
Telegraph Oompanies. 

Distribution. The Bast Indian Ai'chipelago, 711-1500 fath. 
(1301-2745 m.). 
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Genus Lepas. 

Lepas anatipera NONFtJRCATA, var. n . (Text-fig, 5 ; VI. 1 . fig. 1 .) 

Discussion. 

In determining Australian Lepadides at the British Museum, 
I came across seme s{)ecimens which were in certain respects 
divergent from other known Lepas species. These are hei'e 
described under L. anatifera as a now variety, nonfurcata^ which 
may possibly be raised to the rank of a species when further 
finds have been made. 

Seveml authors {e. g. Annandale, 1906, 09; Broch, 1924, etc.) 
point out the dilficulty of distinguishing the species of Lepas. 
Annandale says (1906,p. 139) : “ It is often almost impossible to 
distinguish tropical examples of this species (Z. mmtxfera) from 
L. anserifera by mere examination of the shell. The only safe 
method of distinguishing the two species is to examine the 
filamentous appendages.” Many Lepas specimens have often 
been incorrectly determined just because the species have l>eeu 
deemed easily identifiable. The following will prove that this is 
not the case. Borradaile (1916) describes a new Lepas species, 
L. affinis^ nearly related to L. hUlii. Because the Lepas mateilal 
of the ‘ Terra Nova ’ Expedition was divided between the British 
Museum and the Otago Museum, New Zealand, it also wns des- 
cribed as L, anatifera var. c, by J ennings (1915). Borradaile (1917) 
points this out, and says: “My Lepas affinis is Mr. Jennings's 
L. anatifera var. TJnaware of Jenningses work (1915) and 
Borradaile^s (1917), I examined at the British Museum some 
.specimens from Australia (Cambridge Beach) ♦ wliich had been 
determined as L. ?iillii, and found them like Borredaile’s 
L, affinis. 1 was, however, mere inclined to class these, as well 
as Borradaile’s L. affinis, as L. anatifera rather than as L. hillii. 
They can scarcely be regarded as a new species, since great 
variations are found in L. anatifer^a. 

Of the Lepas species examined I have found L. hillii, australis, 
pectinata, and testvdinata more easily determinable owing 
to the smaller variation. L. anatifera and L. anserifera seem 
to be more variable and difficult to determine. The outer 
parts vary very much, so that there are individuals which 
externally stand midway between these species. The lateral 
appendages are very helpf ul , as Annandale remarks. L. anserifera 
has several of these developed (4~6). In L. anatifera there are 
only two which are evident, the othei*s being indicated by slight 
elevations. I have, moreover, satisfied myself of this by exami- 
nation of the rest of the British Museum’s material of this 
species. 

^ This find from Auitralia soemt to indicate that the specimens takeu by the 
British Antarctic Expedition from the bottom of the Expedition's ship, * Terrs 
Nova,' in Ljttleton Harbour, are possibly derived from these southern waters, 
although the matter has not been absolutely decided. They may have been brought 
by the vetsel from other more distant waters. 
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Deaerijption. 

The plates of capitulum in var. 9 mifurcata were, as a 
rule, markedly striated — more than is usual in the case of 
L, anatifera specimens. In certain of the Lepas individuals 
which I found agreeing with Borradaile*s L. affinis, some 
striation of the scutum could also be observed, which indicates 
that these variations ought not to be regarded as s[^itic. The 
occludent margin of capitulum is rather markedly convex, which 
is not usually the case with L, anatifera, Tlie plates are not 


Text-figure 5. 



Lepat anaiifera nonfuroata^ nov. var. 

a, Carina, dorsal view ; h. Lateral view, e, d, e, I^pus testudinata Auriv., carina, 

doraal viaw. 

separated by wide chitinous sutures. Scutum and tergum of the 
usual appearance. No internal umbonal teeth were nmt with on 
either scutum. I have found this tooth mote or less plainly 
developed in difierent specimens of X. anatifera, 

Carirm has an app^rance characteristic of this subspecies, not 
being bifurcated underneath, which is otherwise the case in 
X. ancAifera, This pneumbonal part is a small disc of the width 
of the rest of the carina (text*fig. 5, a, b), A certain resemblance 
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may be traced in this to Z. testitdincUa Auriv,, 1894| but this 
species has the praBiimbonal part also forked. Text-fig. 5 shows 
a series drawn from the type-material of Aurivillius. Jennings 
(1915) mentions that Z. australis, when young, can have a carina 
without prongs developed. It is certain that the forms described 
here are not young individuals, since both large and small lack 
any trace of a forked carina. 

Peduncle I lind in my specimens to be rather short and, as a 
rule, provided with small chitinous spines which in some specimens 
wore absent. 

Measurements (in millimetres): — 

Length of capituhim, 27, 30. 

Breadth of capitulurn, 18, 19. 

Length of peduncle, 5, 12. 

Breadth of peduncle, 3, 5. 

Mouth^parts and other inner parts 1 found agreeing with the 
other Lepas awa<(/em-indi vidua Is examined, so that no further 
description is needed. 

Localities. Oottesloe, near Perth, Australia, 7. 8. 1922. On 
the shell of a cuttle-fish. C. L. Cllauert. — Austnilia, 23. 9. 1863. 
On the shell of a cuttle-fish. lk)werbank. — Wellington, Otago 
Univ, Museum, 1886. 


Genus Heteralepas. 

Hyn. Author, 1921. 

Several systenmtists have rightly dwelt on the difficulty in 
determining species of this genus. Broch (1922, p. 280) writes: 

We must await such a revision before we can hope to get a 
solution to many questions concerning this intricate genus.^' The 
following discussion cannot be regarded ms the revision whicli is 
awaited, hut if it ciin in some messure contribute to that end 
something will be gained. Such a revision would require the 
examination of all jnuseum material and the collection of a 
further quantity. In determing a large material of the subgenus 
Ueteralepas, I was constantly confronted with such difficulties. 
A contributory cause is the fact that many species were described 
prior to Pilshry’s revision and division of the genus into the 
subgenus Beteralepas and Paralepas. It was natural that 
attention was not until then directed to those significant 
characteristics wliich distinguish the two genera. That is why 
difficulties still exist when it has to be decided whether the 
descriptions are to he referred to the one or the other subgenus. 

Thus, e. g., the two species II. litliotrym Hoek, 1907 and 
//. morula Hoek, 1907 were placed by Kruger (1911) under the 
subgenus lleteralepas, but by Barnard (1924) under the sub« 
genus Paralepas, I believe the latter author is right. The 
smaller differences of length of the rami in cirri V. and VI., 
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according to Hoek, for tliese species are not essentia], and are not 
comparable with the conditions in the subgenus Ileter alexias. 
In both these species, moreover, the bristles are those typical for 
the siihgenus Fai'cdepas. P^urthermore, many species seem to 
me uncei tairi — to give n few instances : 11, Unuin and ovalis 
Hook, 1907. Otheis are nunitioned under U, japcnica. 

In working over the material dealt witli below, J have been 
able to establish that characters used as specific distinctions 
in tins genus have been very variable. Particular importance 
has been attached to the extcinal appearance of the animals. 
This has not aKvays been wise. As this genus has lost its 
plates, it only remains, as regards the outer parts, to pay attention 
to tlie shape, the tldcUness, an<l folds of the cuticle etc. In this 
connection 1 have found great variations in individuals from the 
same locality ; tins may Ix^ due to age or even to manner of 
preserving. 'I'lie capituhiiu may he more or less evidently 
marked ; peduncle longei* or shorter etc. 

As to the inner ]>arts, great iinj)ortance has been attached in 
the subgenus lleieralepas to the shorter rami on cirri V. and 
VL, and likewise to the length of the caudal appendages and the 
number of segments of the cirri. These characters have, no 
doubt, in many cas« s great significance (Author. 1921), hut here, as 
will appear from the following determinations of several specimens 
from difierent liabitals, they do not seem reliable enough to 
distinguish specit s by. \ eontrihutovv cause is also the fact that 
tlie segin(3ntdimits in the proximal parts are just here oiten 
indistinct, Kriiger (191 1 ) seems to have ol>servecl great variation 
in the iiumhor of Kegiiieiits. He says (p. 31) : F’iir die Beternlepas- 
Arten ist die Gliederzahl der atiopliierten hinteren Aste der 
fiinften und sechsten Cirren von systematischein Wert. Dieser 
wird nun aher etwas prohleinatisch, wenri man die folgenden 
Z*ahl ungen hetrachtet.'' Tlierefore we shall probably find nsele'^s 
the distinguisliing characteristics which in Gruxel’s key to the 
genus are applied to the smaller length of the povsterior rami iti 
cirri and VI. Tlie passage runs: “ llames des 5® et 6’^^ paires 
atrophii'es et egales ” for the species y«/?on'*ca, and tithers; 

“ Rallies (le» 5® et (5* pa, ires atrophiees et inegaies” for the species 
lanhesten, iudica^ etc. (see also the account of the number of the 
segments in If.japonica^ p. 758). 

Presumably we shall have to reduce the number of species in 
the future very considembly. A small beginning is atteunpted 
below, founded on a fairly abundant material and on studies of 
type-specimens in the British Museum, London. 

Heteralkpas (HBTBRAtEPAs) JAPONiCA (0. W. Aiirivillius, 
1894). (Text-fig. 6 ; PI. X. figs. 2-4.) 

Ahpmjaponim O, W. Aurivillius, 1894 ; Gruvel, 1905. 
JBeteralepas japonim Pilsbry, 19J1 ; Kruger, 1911. 

Akpaa indiea Qruvel, 1901, 1902 c, 1905. 

HaUrahpm indvea Kruger, 1911. 
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Discussion. 

The material from the Pacific Ocean and the Malay Archi- 
pelago dealt with below proved that the species If, japonica and 
indiea, mainly distinguished by their internal characters, were 
very hard to separate. As the external characters, e. g, difference 
in the length of peduncle, also are liable to gre«.t variation, my 
opinion after this investigation is that, strictly speaking, the two 
species cannot be distinguished. Detailed reasons for this are 
given in the extended description below. B. indica is therefore 
only included here as a forma indica of japonica^ and then con- 
cerns individuals with long peduncle. Possibly this variation 
need not be specially treated of in a future revision. 

Other species related to H. japonica which may be subjected to 
examination by this revision are the following : — //. nicoharica 
Annandale, 1909, which, owing to its external similarity to 
R. indica^ was first described by that author (1905) under the 
latter name; as the essential divergence is deemed to lie in 
inner dissimilarities which are disputjible, it is uncertain. 
H. gigas Annandale, 1905, and H. cygnm Pilsbry, 1 907 a, may 
become disputable for similar reasons; Pilsbry (1907a, p. 102) 
says ; HeieraXepas gigas is a larger species than i/. cygnus^ with 
the peduncle similarly lengthened.” In this material I met with 
individuals of various ages which, judging by their externals, 
might well be deemed to belong to the above-mentioned species. 
In connection with gigas^ to be siu*e, the occurrence of cliitinous 
rudiments of the scuta, indicating descent from forms provided 
with plates, is also mentioned. 

Complementary description. 

A dorsal keel, sometimes provided with small elevations, 
particularly evident in H, cornuta, is found in most individuals 
of the genus ; in certain cases, however, weakly developed 
(No. 2). It then extended the whole length of the animal. The 
limited dorsal tract of the capituluni mentioned in H. lankesteri 
I found in some specimens, as, for example. No. 4 ; in others it 
was lacking, as in Nos, 3 and 6. In some specimens I found here 
and there on the capitulum tracts marked in this way (No. 5), 
This character is thus of little systematic value. The cuticle, 
which was often strongly inspissated, was provided with small 
chitinous tubercles and hairs. In no case did I find such spines 
as are ascribed to H, lankesteri. The colour of the cuticle was in 
most specimens yellow to yellow-brown. In a few the cuticle 
had an evident green colour (Nos. 5 and 6). This, however, is of 
slight significance, as they were preserved specimens. 

The variation in the length of the peduncle will appear from 
the table. Contractions under preservation must be taken 
into account. The difierence of length may also be capable of a 
biological explanation (c/l short and long specimens of B. bador 
noides). 
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Mouthr^cwtB. Lahrum concave in all the specimens examined, 
with prominent teeth. 

PafyuB conical, with the appearance typical of the genus. 

Mandibh, according to the original descriptions, alike in 
B. japonica and indica, with three teeth and one tooth-like inner 
angle. In ray material 1 find now 3, now 4 teeth and a clear 
inner angle. Between these two types one can find transition- 
types, wlien an extra tooth develops below^ which afterwards 


Text* figure 6. 




Keteralepas japonica Auriv. 

Mandible:-— < 1 . No. 8. h. No. 4. c. No. 7. d. No. 6. 

conceivably becomes a new inner angle. Consequently the 
number of teeth is somewhat variable in this species. 

Maxilla /, with strong spines above ; below an evident notch, 
sometira^ with smaller spines. This notch may sometimes be 
lacking in certain sfiecimens, ns I found in No. 9. The lower 
part of the front edge very prominent, with clear spines. This 
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appendage in all the specimens examined is, broadly speaking, 
alike. 

MaxiUa //. protracted laterally, with a posterior bristly lobe. 
The spines of the front edge often divided into two groups, which, 
however, are sometimes continuous. Kriiger (1911; says of 
H. japrmica : Die Mundteile zeigen uberhau])t gidsste Oberein- 
stimmung mit denen voii 2/. indica^'^ which is probably correct. 

Mtmurt'imnis (in millimetres): — 


No. 

Leii^th of 
capituluni. 

Brcadtli of 
capitiilum. 

Lenprth of 
peduncle. 

Ikeadth of 
peduiick. 

1 

9 

C 

6 

6 

2 

30 

23 I 

33 

13 

8a . . .. 

21 

20 

69 

9 

*6 h 

10 

8 

18 

4 

4 a 

10 

14 

48 

8 

4ft .... 

29 

22 

82 

14 

6 a 

21 


64 

7 

6ft 

13 

10 1 

8 i 

4 

6 <• 

I 36 

22 ' 

116 i 

16 

6 rf . 

20 

16 

33 

6 

6 a 

1 17 

13 

12 

8 

66 

1 33 

> 23 

16 

19 

7 a 

13 

10 

19 

7 

7ft 

1 13 

! ' 

30 

8 

8rt 

1 21 

! 20 

65 

9 

8ft 

21 

16 

U 

9 

9 

1 21 

16 

15 

8 


Numhtr of the segments of the Cirri. 

It has been already pointed out that no great importance can 
be attached to the difference in the number of segments in 
lleieralepas^ as it is very variable. In illusti-ation of this 
circumstance I have counted the iiiiriiber of segments in several 
individuals from different localities. For comparison I may 
refer to the investigation of Kriiger (1911). 


No. 


I. 

II. 

111. 

IV. 

V. 

VI. 

Caudal 

appendage. 

1 

9 

14 

26 

34 

31 

39 

34 

— 

13 

36 

13 

37 

4 

2 

18 

24 

69 

60 

61 

62 

61 

U 

24 

69 

26 

68 

12 

3 a 

12 

20 

40 

48 

63 

67 

60 

62 

29 

66 

27 

64 

9 

4a 

16 

25 

43 


65 

66 

64 

61 

24 

60 

25 

69 . 

9 

5 a 

12 

26 

46 

61 

66 

69 

61 

61 

24 

61 

26 

64 

10 

6a ...... 

12 

24 

41 

46 

44 

49 

60 

54 

27 

63 

24 

63 

9 

7a 

16 

29 

46 

63 

— 

62 


62 

22 

63 

20 

62 

8 

8 a 

12 

26 

42 

66 

64 

60 

67 

61 

24 

64 

22 

64 

9 

9 

12 

21 

88 

43 

46 

64 

63 

64 

18 

64 

16 

64 

10 


From the foregoing table it will appear that the statement of 
the length ef the posterior rami in cirri Y. and VI. (unequal 
number of segments in M. hulica^ equal in M. japoniea)^ whieh 
has been deemed significant, is without significance for the 
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distinguishing of the species, and cannot now be appropriately 
included in the key for their determinination. 

The length of the caudal appendage in relation to the proto- 
podite is variable. In No. 1 it is very short, as the specimen 
examined is not yet full-grown. In others, e, p. Nos. 5 and 7, 
they reach somewhat above the proximal segment on the 
protopodite. Gravel assigns 12 segments to H, hidica^ Aurivillius 
9 to H.japonioa^ Pilshry (1907 a) 7 segments. These specimens 
show a variation of between 4 and 1 2 segments. 


No. 

External 
reaemblance 
with : 

Locality. 

Depth in * 
fathoms. 

Date. * i 

Collector, j 

1 

japanica. ] 

Lat. 7"35'S, j 

Long. 1H®30' 30" E,| 

73-175 

(143-327 m.). ' 

I 

28. 7.1917. 

Eastern and j 
Associated 
Telegraph Cos. 

2 

japmiica. 

] 

Lnt. 6° 68' S , } 

Long. 39° 16' K. | 

270 1 

(494 m.). 1 

25. 9.1911.; 

1 

i 

3 . . 

f. indiea. 

Lat. 10-' 22' 30" E., i 
Long 120° 7' 30" E. 1 

130-600 ! 

(238-916 111.). 1 

8. 12 urn. iNetley Hospi- ' 
j tal collection. , 

4. . . 

f’. indiea. 

Lat. 10° 26' S., 1 

Lontr. 123° 16' E. 

(293 m.). i 

20. 3 1916. 

Eastern and 
Associated 
Telegraph Cos. 

5 .... 

f. indiea. 

Lnt. 6° 16' X., 

Long. 98° 36' K., 

' S.E. of Ot. Nicv>bar. { 

1040-1120 . 

(1903-2090 ni.). 

30. 4.1925. 

Eastern Ex- 
tension Tele- 
graph Cos. 

6 

f. indiea. 

Lat. 10° 30' S„ j 

1 Long. 126° 36' E., 

' Sahul Bank, S. of ! 
} Timor, 

100 i 

(183 m.). ; 

t 

i 

1. 9.1919. 

Eastern and 
Associateil 
Telegraph Cos 

7 .. . 

f. indiea. 

j Off Cochin China. 

1 

260 1 
(458 m.). 

26. 3.1919. 

— 

8 . ... 

1 

f. indiea. 

Singapore district. 

1 

! 

1 


Eastern Exten- 
sionAustralian 
and China 
'relegraph Cos. 

1 

19... 

1 

f. indiea. 

j Seven miles east of 
j North Cape, New 
j Zealand. 

70 

(128 m.). 

9. 2.1917. 


1 



- - 

— 

_ .. 


DiHrihution. Japanese- Malayan waters, Indian Ocean (eastern 
and western parts). 


Heteralepas (Heteralepas^ LANKB8TEEI Griivel, 1 900. (Text- 

fig. 7; PI. I. fig. 6.) 

AUpas lankesteri Gruvel, 1900, 1905. 

Gomplementary description, 

Thk species, described by Gruvel (1900) from the West Indies, 
baa been found here in 10 specimens. The species seems to me 
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to be closely related to //. japonica^ as X was able to prove by a 
comparison of the material in the British Museum* As these 
specimens closely agree with Gravel’s description, especially in 
externals and locality, they are here included under this name. 

CapiUdum in all the specimens greatly swollen and the cuticle 
strongly thickened and transparent. On the surface the numerous 
irregular folds mentioned by Gruvel are noticeable even in un- 
contracted specimens, and are particularly evident around the 
tubular orifice. In the dorsal tract the cuticle in most specimens 
is less wrinkled, wherefore this part is often conspicuous, being 
separated by a crease from the ventral par-t. This latter cir- 
cumstance, however, is not a ch.-u-acteristic of the species, the 


Text-figure 7. 



Heteralepas lankesteri Gruvel. 
a. Mandible. &. Maxilla I. 

same being found in other species I have examined. Something 
like this is mentioned in some species, e. g. 7/. belli and microstoma 
Gruvel, 11)01. The capituhim, accor<ling to Gruvel, has no dorsal 
crest, bat a slight continuous ridge. These specimens vary in 
this respect too, the ridge being more or less evident. 

The peduTwle^ according to Gruvel, passes into the capitulum 
without a break. 1 find this to be so in smaller specimens. But 
in the larger specimens the boundary between capitulum and 
peduncle is more sharply defined. Peduncle, as a rule, is 
longer tlian capitulum. The chitinous protJesses mentioned by 
Gruvel, I also find in these indivi<lual8. 8uch do not appear 
to be the distinguishing features of this species solely. 

Mouth-parts, Lahrum with evident teeth. 

Palp conical, with spines along one edge. 

Mandible originally with 4 teeth and one lower more or less 
tooth-like angle. This angle is often missing. The lower edge 
of the teeth is often provided with small teeth. 

Maxilla /. with very evident notch with small spines as in 
Gravel’s individuals, the lower part of the front edge projecting. 
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MaxiUa //. with the appearance typical for the genues. Here, 
however, the spines of the front edge are not divided into two 
groups, but are csontiniious along the whole edge. 

MeasuremerUs (in millimetres) : — 

Length of capitulmn, 17, 26, 22. 

Breadth of capituliim, 15, 22, 20. 

Length of peduncle, 13, 34, 38. 

Breadth of peduncle, 9, 13, 13. 


Number of segments of the Cirri ; — 
I. 


14 29 
16 26 

After Gravel. 13 21 


IT. 

III. 

IV. 

V. 

VI. 

Caudal 








appendage. 

52 

59 

62 67 

71 

74 

19 74 

19 41 

10 

65 

77 

— 73 

84 

84 

21 92 

22 89 

12 

60 

55 

— — 

— 

— 

19 — 

16 — 

10 


The difference of length in the posterior rami mentioned by 
Gravel seems from the above not to hold good, as my specimens 
have posterior rami on cirri V. and YI. of approximately equal 
length. The divergent number of segments in the longer ramus 
of cirrus VL in the first specimen is because this ramus has been 
injured. 

The caudal appendage in one of the 6j>ecimens examined was 
longer than the protopodite, in another somewhat less. In this, 
too, there was n certain variation. For the rest I refer to 
Gruvers descriptions. 

Old loccditip The West Indies, Mona Channel, 914 fath. 
(500 m.). 

New locality. Lat. 7® 37' S., Long. 34° 26' 5" W., 50-150 fath 
(92-276 rn.), St. Yincent-Peruambuco cable, 1.6,1917. Pres, 
by Eastern and Associated Telegriiph Companies. 


Genus Pcecilasma. 

PcECiLASMA KAEMFFERi Darwin, 1851. (Text-fig. 8.) 

Syn. Author, 1921. 

Discussion. 

This species, which in minor details is rather variable, is repre- 
sented by individuals from Japan an<i Tasmania, both of which 
appeor to belong to Annandale’s Kace I. (typical form). The 
specimens from Japan were taken by the ‘ Cliallenger ' Expedition, 
but, for some reason, were not dascribed in Hoek’s work (1883). 
'Phis mce, which, according to Anuandale, is found in Japanese 
waters and the S. Pacific, is taken from those regions in this case 
also. The two subspecies dubium and litmn, as also the species 
F, incrquUiUeride, have been previously discussed (Author, 1921), 
Here I can only urge again that P. kaempferi Utum still appears 
uncertain. 

In bis key Pilabry (1907 a) says, for P. kaempferi (typical 
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form) ; A narrow area between the ridge from umbo to apical 
angle of scutum and the occludent border ** ; for P, kaempferi 
lUum : ‘‘ A ratJier wide area between the ridge and the occludent 
margin.” This feature I find particularly variable in these 
specimens, in some individuals the distance being great, in others 
indistinguishable (text-jfig. 8). 

The specimens from Tasmania seemed, as regards external 
parts, to agree with several of the classified subspecies. In 
Pilsbry's subspecies noim-anylice there is a strong ridge from the 
umbo to the tergo-carinal angle, and this was deemed to be lacking 
ill P. kmmpferi and attrantia, I found the same in these specimens 
from Tasmania ; but as there was a similar feature in the above- 
mentioned specimens from Japan, no great significance can be 

Text-figure 8. 


6 . 

Pcecilasma kaempferi Darwin, 
a, h. Left scuta, 

ascribed to this character. In all likeliliood these are also typical 
Pcecilmma kaempferi individuals. Internally the specimens from 
both localities agreed. 

Locality. Lat. 35° IV N., Long. 139° 28' E., ‘Challenger^ 
Station 232. 

New locality. Tasmania, Hobart, On Paevdocarcinua gigaSy 
15. 10. 1904. Pres, by Capt. Francis Mayors. 

Diatrihution. (Race I ), Japan, S. Pacific. 

Oenud Ootox^asmis. 

OoTOLASMis NiBKSTKAszi (Hoek, 1907), 

Diehelaapia nie^'atraazi Hoek, 1907. 

Octotaamis nieratraazi Author, 1921. 

The seven specimens here examined resembled both in their 
external and internal parts those described by Hoek (1907). 
They varied in size from 6-9 mm. in length. The carina was in 
these individuals also evidently divided into two plates, a fact not 
mentioned by Hoek, but apparent from the figures (see further 
the Author^ 1 925). 
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Old locality. M<ilay Archipelago (dififerent places). 

Wew locality. Near Muskat, Persian Gulf, 21.7.1914. Pres, 
by Major S. G. Knox. 

OcTOLASMis HOBKi (Sfcebbing, 1894). (Text-fig. 9.) 

Dic/ielaspis koekl Sbebbing, 1894 ; Gruvel, 1905, 

Dichdaspis antvjucc Stehbing, 1894. 

Dichdaapia aurivlUii Gruvel, 1900, 1902 6. 

Diagnosis. Capibulum coinpres^eO, with 5 plates. Scutum 
(livid©' I into au occludeut segment Jiud a broader basal segment, 
with lateral margin convex, straight, or hollow. The tergum 
when young approximately fcriaugalar, later on irregularly penta- 
gonal. Cirina with umbo near (lie base, ending below in a 
triangular disc. Length of peduncle varying up to greater than 
that of capibulum. The caudal appendage, one-joinbed, of about 
half the length of the protopodite. 

Discmsion and corriplemenUtynj description. 

T'he genus Oetolasniis^ which has embraced numerous species 
witli very snitill difterenbiation, has I’eceutly uudergouo closer 
examination, whei'eby it has been shown that several species are 
very uncertain and that we probably have to do with small 
indiviilual variations, Hevtu’al associations of species have rightly 
been uridortaken by Annandale (1909) and Barnard (1924). 
Tlie present lUfiterial affords great interest, as it comprises 
individuals of ditterent ages. The latter also shows great 
variations vvitli regard to the size ainl form of the plates. On 
the strength of this material I pr.»pose to gather the following 
into one species : 0. hoeki (Stehbing, 1894), the allied (according 
to Btebbing) 0. antiguce from the same locality (Antigua, Antilles), 
and 0. anrivillii Gruvel, 1900 from au uaknowu locality. Great 
import vncc ha.s been attached to small differences in tho shape of 
the plates, as was natural when the material was limited. At 
any final revision i further collection of species should certainly 
be made. More detailed reasons for this amalgamation will not 
be out of place. 

Tim sjnttam is <?vidently dividetl into two segments as in the 
allied species 0. war wick i (J. E. Gray, 1825). Of these the 
occludeut segment is long and narrow and somewhat bent like 
the margo occludens of capitulum. Length of segment varying 
according to the age of the individuals (text-fig. 9). The basal 
segment in older individuals shorter thsn the occludent segment. 
In small specimens the segments may have the same lengtdi. In 
Gruvefs 0. aarivUlii the basal segment is fairly long. No great 
importance can be attached to this owing to the variation. The 
shape of the segment also is rather variable, which is an important 
factor in the case of an association of species. In young specimens 
(text-fig. 9,/, p), and occasionally in older ones, the margo carinalis 
on the segment is convex, but can in some be more or less straight 
Pboo. Zool. Soc. — 1927, No. L. 50 
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(tRxt-fig. 9, A), a» in the two species of Stebbing, and in extreme 
oases strongly concave (text-fig. 9, i), whereupon similarity arises 
with Qruvers figure of 0. aurivilUi, The specimen figured in 
text-fig. 9, f with strongly convex marge carinalis had evident 
primordial valves. Such are found, although smaller, on 
Stebbing’s figure of 0. antiguce, which, indeed, agrees fairly well 
with the one figured here. As the margo carinalis is somewhat 


Text-figure 9. 



Octolaamh hoeJci Stebbing. 

41 , Labrura and palpus. 6. Mandible, c. Maxilla 1. d. Maxilla II. e. Cirrus VI. 
and caudal appendage, g, h. The animal, lateral view, different stages, 
f. Scutum, y. Basal plate of car inn. 

atraighter and the primordial valves smaller, Stebbing's individual 
is probably merely a somewhat older specimen than the one 
figured here (text-fig. 9,/*). 

An examination of the tergum shows likewise that the shape 
of this plate varies according to the age. In young specimens 
the corners of the tergum are rounded, whereby the plate obtains 
a practically triangular shape. Margo scutalis somewhat concave. 
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The prirnoiVlial valve is situated on the middle of the plate. 
This shape corresponds pretty closely to the terguin figured for 
0. aniigim. This species appears to me with certainty to be 
merely a later stage than the above-mentioned (text-fig. 9,/). 
This view is supported by the removal of the primordial valve 
nearer to the dorsal angle. Gradually, as the tergum is developed, 
the form characteristic of the species is obtained, this being 
represented in text-fig. 0, ij and 4, wherein g agrees most nearly 
with Gravers figure of 0. anrivillli and h with Stebbiug’s figure 
of 0. hoeki. The essential difference in the terga supposed to 
exist between Stebbing’s two species, viz. “ widening downwards 
in 0. hoeki and narrowing downwards in 0, aniigumy \%^ as 
shown by the foregoing investigations, merely a variation con- 
nected with age. In full-grown specimens the shape of the 
plate can hardly he referred to any definite geometrical figure ; 
according to Stebbiiig it most clo^ely corresponds to a trapezium, 
according to Gruvel to an irregular pentagon, wliioh latter 
description seems nearest to the truth. 

The Carina in this species consists of a single plate. In some 
species, as, for instance, 0, loarioicki and 0. nierstraszi, the plate 
consisted of two segments. Tlio <lisc developed below is stated to 
have the front mar*gin in 0, aurivillii straight and dentated, in 
0. hoi'hi straight, and in 0. aniigiuc evidently though not deeply 
hollowcil. Broadly speaking, it seems to me that the plate is 
alike in all. An examination of my material disclosed a certain 
number of small divergences in this character. The relative size 
of the plates in pro[)ortion to tlie capital urn is a (piesfcioii of some 
interest, as Htebhing states that the plates occupy a larger area 
in 0. antigum than in 0, hoeki. This agrees witli my ]>revious 
assumption that 0. aniigufr is a younger individual of 0, hoeki^ 
for in my individuals the plates occupy a larger area of the 
capita him in the younger than in the older specimens. 

Peduncle is longest in 0, atcrivillii^ shorter in 0, hoeki, and very 
sliort ill 0, aniigute. This dissimilarity is surely due to con- 
traction under preserving. 

Mouth-parts, Lahrmn concave, with strong teeth, 

PaZp conical, rounded, with few spines in my specimens. 

Mandible in the s}»ecimen examined with 4 teeth and a lower 
fineJy-deutated angle. 3rd~4th tooth with additional teeth, 
which broadly seems to agree with the statements of Gruvel and 
Btehbing. 

Maxilla I, with a notch in the upper part of the front edge, 
otherwise with strong spines on this edge. Comparing this with 
the statement of Gruvel and Stebbing, there appears to be gome 
valuation 

Maxilla ILy not previously described, is pi*ovided with a straight 
front edge, passing away at the upper edge. Spines along the 
whole edge. 


50 * 
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Measurements (in millimetres) : — 
Length of capitulum, 4, 3. 
Breadth of capitulum, 2*5, 2, 
Length of peduncle, 2, 3- 
Breadth of peduncle, 1, 1. 

Mumher of segments in the Cirri : — 


I. 

II. 

III. 

IV. 

V. 

VI. 

Cuudnl 





1 ^ 

> — * — » 

appc*ndng:p. 

8 1 

9 9 

9 9 

9 9 

9 9 

9 10 

1 

6 8 

9 9 

0 10 

9 9 

9 10 

— 10 

1 


The drri are short, with a low number of segments. On the 
segments of the longer cirri are 4-5 pairs of spines on the front 
edge. A comparison of the descriptions shows the differences in 
the number of segments to be very small. This holds good, 
especially for cirrus I., which, according to Gruvel for 0. anrivillU^ 
has 6 and 7, according to Stebbing for 0. koeki^ 6 and 7, and for 
0. antiguce^ 7-8. For the longer cirri, e, g, cirrus VI., Gruvel gives 
10 and 10 segments. Stebbing accentuates a certain difference 
between his species, giving 8-10 segments for 0. hoeki, 12-14 for 
0, antiguce. This minor difference possesses surely no significance 
for distinguishing species. 

The caudal appendage has one joint and is about half the length 
of the protopodite, with long spines at the point. This agiees 
well with the statement of authors. Stebbing gives a somewhat 
small difference between Ida species, which, however, seems to 
have little significance. It would have been more significant if 
the appendage had had differing numbers of segments. The 
foregoing discussion and description will suffice to show that the 
species represent different growth -stages of the same species: 
0. hoekL 

Old locality. Antigua., West Indies. 

New locaUtu. The Cape Verde Islands, Sao Nicolao. Pres, by 
Rev. R. B. Watson. 

OCTOLASMIS LOWEI (Darwin, 1851). (Text-fig. 10.) 

JHchelaspis lowei Darwin, 1851 ; Gruvel, 1905. 

Diehelaspis darwini Filippi, 1861 ; Gruvel, 1902i5>, 1905. 

Dichelaspia aymonini Lesson, 1874. 

Diehelaspis iOctolasmls) neptuni MacDonald, 1869: Gruvel, 
1905; Barnard, 1924. 

Dichdaspis (Octolasmis) sinuata Aurivillius, 1894; Gruvel, 
1905; Annandale, 1909. 

Diehelaspis {Octolasmis) trigona Aurivillius, 1894; GruveL 
1905; Annandale, 1909; Weltner, 1922. 

Dichdaspis mvlleri Coker, 1902. 

Diehelaspis vaillantii Gruvel, 1902 ft, 1905 ; Annandale, 1909. 
^Octolasnm geryonophila Pilshry, 1907 a; Annandale, 1909. 
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Diacv^sion and complementary deecription* 

Annandale (1909) adopted as synonyms to 0, sinnata Auriv., 
1894 from Java Sea: 0. trigona Auriv., 1894 and 0, vaillantii 
Oruvel, 1902 6 from Suez, which seem quite certain. As allied 


Text-figure 10. 



Octolasmis loivei Pur win. 

a.'JPHlpnH, h. Mandible, r. Maxilla I, d. Maxilla II. e. Cirrus Yl. and caudal 
appendage. /. The animal, lateral view. g. Scutum and tergum from left 
side of anotlier iiulividiiuin. 

species Annandale adduces 0* neptuni MacDonald, 1869 from 
Sidney ; O. miilleri Ooker, 1902 from Louisiana and North 
Carolina; 0. dancini Filippi, 1861 from the Mediterranean; 
0. aymonini Lesson, 1874 from Japan ; and 0. lowei Darwin, 
1851 from Madeira, and supposes that they may possibly be 
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united under 0, lowei Darwin. This species would then be 
cosmopolitan. It is then tempting to assume that we have to do 
with local races. 0. geryonophila Pilsbry, 1907 a from the 
Atlantic and, according to Annandale, also from the Indian Ocean 
seem to be kindred species, perhaps synonymous. Whether this, 
too, should be regarded as a local race cannot be decided as yet. 
The differences between the species, chiefly limited to the strongly 
reduced shape of the plates, or the animals seem insignificant. 
Both Annandale and the author (text-fig. 10) have found vari- 
ations and intermediate specimen.s. The specimens described 
here from Tasmania ought most to i*esemble 0, nepiuni from 
Sidney, as, indeed, they do to a certain extent. However, 3 find 
specimens which agree very well with the figures of Aurivillius 
of 0, sinuata and triyona. This lends further authority to the 
association of these two species. My material might then be de- 
scribed as 0, sinuata, 0. triyona^ or even 0. ^leptuni, Hoek (1883) 
says of 0, 'tieptuni : ** I even think that it is more nearly related 
to Dichelaspis lowei Darwin than any of the other species.” As, 
however, J liave become more and more convinced that they can 
all be included under Darwin’s species 0. lowei^ they are here 
described as such. Further finds will, no doubt, clear up this 
question of synonynjs. As an instance of the great difficulties 
met with in the indentification of the above-mentioned species, 
it can be stated further that W'eltner (1922) regards some 
Octolasmis specimens from Japan as 0. trigona, at the same time 
remarking that small divergences prevail with regard to the 
larger specimens. A comparison of Weltner’s fig. 18, tab. iv. 
with the drawings of 0. aymonini Lesson, 1874 (also from Japan) 
reveals a striking resemblance, especially as regards the shape of 
capitulurn and tergum. This agrees with the pronouncement of 
Annandale (1909, p. 100); ‘*Is D. sinuata distinct from the 
Japanese D. aymoiiini Lesson ? So far as external characters go, 
I have examined intermediate specimens.” 

As an aid to future research into tho forms concerned a 
complementary description and figures are given. 

Capitulurn compressed from the side. 

Scutum consisting of two linear branches meeting one another 
at an angle. The basal segment in these individuals shorter and 
narrower than the occludent segment. The angle of the umbo 
less than 90®. The variation in the length of the bmnches 
appears from the accompanying figure. The differences prevailing 
between the different species in the development of the branches 
and the angle between them can probably be connected with the 
variation in the form of the capituliiin, since the latter may 
have a more or less pointed apex, as appears on a comparison 
between, e» Darwin^s fig. 8, pi. ii. 1851 and text-fig. 10 in this 
paper. 

Tergum in typical specimens evidently saddle-shaped, herein 
agreeing best with Gruvers fig. 14, pi. xiv. 1902 6 of 0. darwini 
and fig. 5, pi. xiv. of 0. shmata. In shape the plate can also be 
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unsymmetrieal (text-fig. 10^), resembliug Darwin’s figure of 
0. lowei and Aurivillius’s fig. 8, tab. ii. 1894 of 0. trigonal and 
several other species above-mentioned. 

CcMriiia in these specimens not reaching up to the tergum as in 
the species of Aurivillius. Cases, however, are mentioned where 
the Carina is longer (Weltner, 1922, for 0, irigona). In all the 
species described the lower part of the plate is evidently forked. 

Moiiih-jyarta, Lahrum sliglitly concave, with dentated edge. 

P(djp conical, with spines at the point and along one edge. 

MandiJbU with four evident teeth and a rudimentary fifth at 
the pointed lower angle- Additional teeth on 3~5, The distance 
between teeth 1 and 2 great. 

Maxilla I. witli a slight incisure in the upper part. The spines 
of the front edge few, but strong. 

Maxilla //. with straight front edge. Spines evenly distributed 
along the front and upper edge. 

Generally there seems to he good agreement with the de- 
scriptions of the mouth-parts given, especially as regards the 
statements of Darwin and Aurivillius. 

Measurements (in millimetres) : — 

Length of capitulum, 4. 

. Breadth of capitulum, 3. 

Length of peduncle, 2. 

Breadth of peduncle, 1. 

Nuviber of segments of the Ciri'i : — 

I. ir. III. IV. V. VI. Caudal 

6 7 12 13 12 12 12 12 12 12 12 12 1 

The length of the Hi st pair of the cirri was one-third of cirrus II. 
as Darwin states for 0, lowei^ with nearly equal rami. The 
number of segments of the longer cirri in the s{)ecimen examined 
was very constant. Tlie segments in these bore 8 pairs of long 
spines in the front edge as in Darwin^s specimens. 

Caudal appendage as in Darwin’s specimens with one joint, 
somewhat shorter than the protopodite of the sixth cirrus (the 
spines on the outer edge of the point not counted) (text-fig. 10, e). 
Aurivillius establishes for his species a small difierence of length, 
surely of no significance for the distinguishing of species. In 
0* miUantiiy according to Gruvel, it is still shorter. 

locality^ Tasmania, Hobart. On Pseudoearctnus gigas^ 
15. 10. 1904. Pres, by Oapt. Francis Mayors. 

iJislribution^ If the association of species pi^oposed in the fore- 
going is correct, which seems very probable, the sjiecies has a 
very extensive distribution. The question will then be whether 
local races can be established. Tlieir bathymetrical distiibution 
seems as yet little known. 
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OoTOLASMis SESSiLis (Hoek, 1883). (Text-iig. 11.) 

Dichelmpis sessilis Hoek, 1883 ; Weltner, 1922. 

The specimen here named 0. sessilis is particularly defective^ 
internal parts being missing. Besides this species two others are 
found in the literature which in all likelihood are closely related : 
0. haimiensis PiLsbiy, 1907 h and O.americanum Pilsbry, 1907 a. 
Only the external paits of these are described. They may 
possibly retain their place as species when their internal parts 
have been described. As regards external parts, only small 
divergences are found. This specimen agrees well with Hoek’s 
drawings of the species. 

Old localities. No. 1. Lat. 38" 30' N., Long. 31*^ 14' W., 1829 
metres (1000 fathoms). No. IJ. Lat 5° 24' N.;Long. 39^ 19' 8"E., 
818 metres (447 fathoms). No. III. Lat. 3° 38' 8., Long. 40^^! 6' E., 
863 metres (^472 fatlionis). 


Text-figuie 11. 



Oetolaamis aessilia Hoek. 

The animab lateral view. 

J^^ew locality. Lat. 6^ 58' S., Long. 39° 16' E., 270 fatlioms. 
(494 in.), 25.9.1911. Pres, by the Eastern and Associated 
Telegraf)h Companies. 

The species originally known from the Atlantic (No. J.) has 
thus been re-discovered firstly by the German ‘ A^aldivia ’ Deep-sea 
Expedition (1898-99 ) from the east coast of Africa, in the vicinity 
of the islands of Zanzibar and Pemba (Nos. II. and III.), 
and secondly by the finds described above from approximately 
the same locality. Consequently there should be no doubt that 
Weltner’s specimens are identical with those described above. 
There is still a great gap to be filled regarding the distribution of 
thi.«i deep-sea species. 

Genus Meoalasma. 

Megalasma (Glyptelasma) uamatum Caiman, 1919. (Text- 
fig. 12.) 

Megalasma {Olyptelasma) hamatum Caiman, 1919. 

This species, found in the Atlantic as well as fi'om various 
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places in the Indian and Pacific Oceans, is easily recognizable 
internally by a pair of short, hook-like processt^s on the prosoma 
and a narrow api^ndage at the base of the first cirrus. As the 
species has been described by Oalnian (1919), only a sliort comple- 
mentary description of the mouth-jiarts and cirri is given here. 

Labrum concave, with strong teeth close together. 

Palp conical, pointed, vrith spines along the upper edge and at 
the point. 

Mandible with 4 to 5 teeth and a lower tooth-like angle 
showing a tendency to division. 


Text-figure 12. 



Megdlasma hamatum Caiman. 

<7. Labrum and palpus, b, c. Mandible, d. Maxilla I. e. Maxilla II. 

Maxilla /. with an inwai’d curvature with small spines under 
the upper spines and a projecting part below with stronger 
spines. 

McuciUa II. with straight somewhat convex front edge and 
straight upper edge. Bpines along the whole edge. 

As regards the genus Megalasmay it can thus be asserted that 
its mouth -parts correspond very well with the genera PcecUasnm 
and Octolasmia investigated by the author (1921, tab., p. 139). 
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Mea^memsnte (in millimetres) : — 

Length of capitulum, 9*5. 

Breadth of capitulum, 5. 

Length of peduncle, 7. 

Breadth of peduncle, 1’5. 

Kumher of segments of the Oirri : — 

I. II. III. IV. V. IV. Caudal 

8 10 14 16 16 16 16 16 17 18 17 17 X 

The longer cirri have five pairs of spines along the front edge 
of the segments. 

Caudal appendage short, one- jointed (fig. 6, Caiman, 1919). 

Locality, Singapore district. Eastern Extension, Australian 
and China Telegraph Company. 

Genus Verruca. 

Section Verruca Pilsbry, 1916. 

Verruca calctiieca flavidula Pilsbry, 1916, (Text-fig. 13; 
PI. I. fig. 6.) 

Vet^ruca calotheca flavidula Pilsbry, 1916. 

Complementary descriptio^i. 

With the aid of Pilsbry good description of this subspecies 
the specimens at my disposal could be easily identified, so that 
only a few complementary statements are supplied here. 

The movable plates had here an evident horizontal position, as 
Pilsbry states with regard to some specimens. 

Broch (1924) devoted some attention to the question of the 
percentage of individuals with regard to the mobility of the 
opercular plates of the right or left side, and showed tliat in a 
great deal of material about half the individuals had the left side 
plates movable and half the right side. Of 7 specimens examined 
here, 4 had tiie right side opercular plates movable and 3 those 
of the left side. More material would presumably have shown 
the same division as Broch found in V, strvmia^ the division 
appearing to be a matter of chance. 

Movable scutum in these specimens with 4 aii^icular ribs under 
the more or less evidently developed apical rib. The oceludent 
area of the plate with longitudinal ribs divided crosswise by lines 
of growth as is characteristic of the subspecies, A variation 
could occur in this respect, 2 specimens having two, 3 specimens 
three, and 1 specimen four longitudinal ribs. In one case an 
incipient division of these ridges could be observed. 

Movoible tergvm^ according to Pilsbry, as in F. ccdotheca^ with 
four articular ribs. In 6 specimens I found four ridges, in 7 five ; 
thus a less degree of variation occuiii here also. Fix^ Bcutwm 
and tergum as in F. calotheca. 
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Soatrvm and oarina with subequal interlocking ribs. Rostrum 
had, moreover, a scutal area with 5-8 small ribls (in F. caloiheca 
two). 

Mouth’^arta not previously described. 

Lahrvm slightly concave, with small many-pointed teeth. 

FaVp conical, with spines along the side snd at the point. 
Ma/iidihh with 3 teeth and a fmely-pectinated inner angle. 
Spines in the younger Specimens divided below into two groups. 



Verruca calothecaflaridula Pihbry. 

a. Labrum. h. Mandible, e. Maxilla 1. d. Maxilla II. e. Movable scutum. 
/. Movable tergum. 


/. with a notch near the middle of the front edge in 
the specimens examined. The uppermost spines strongest, lower 
down smaller. Below the notch, at the top of the projecting 
part, stronger spines than in the lower angle. 

Maxilla //. bilobate, having only a slight notch without spines 
on the middle of the front edge. 
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Memurements (in millimetres): — 


Cari no-rostral length. Height. 

8 7 

8 6 

8 4 


Number of aemnents of the Cirri ;~ 
I. IL HI. IV. 


V. 


11 21 17 23 22 23 28 33 32 36 



32 31 


Caudal 

appendage. 

20 


Cirrus /. with rarni differing greatly, Cirrus II. with rami 
differing slightly in length. liemaiuing cirri with rami of 
approximately equal length with 4-5 pairs of spines in the front 
edge of the segments. 

Tlie caudal appendage, according to Pilsbry, is considerably 
shorter in V, calotheca than in this subspecies. The same 
number of segments is given in both cases — 14 joints. In these 
specimens the appendages were also long. The number of 
segments might vary from 17-“2() in the same specimen. In one 
case I found 3^1 joints. 

Old locality. East of Florida. 

Ne%v localitip St. Vincent-Pernambuco Cable, Lat. 7® 37' S., 
Long. 34^ 26* 5" W., 50-150 fathoms (92-274 m.), 1.6. 1917. 
Pres, by Eastern and Associated Telegraph Companies. 


Section Kostratoverruca Brocb, 1922. 

Verruca in'itsxta PilsVu'y, 1912. (Text-fig. 14 ; PL 1. fig. 7.) 

Verruca intexta Pilsluy, 1912. 

Discussion. 

A few' small Verruca individuals on an echinoid spine agreed 
well with Pilsbry ^s short description of the species V. intexta. 
Allied species are V. nexa Darwin, 1854, V. koehleri Gravel, 
1907 h, and V, krilgeri Broch, 1922, which are regarded by Pilsbry 
(1916) as a “Group of V. nexa^* of the section Verruca^ but 
proposed by Broch as a special section, Hostratorerruca, dis- 
tinguished by its patella-like rostrum, which has arisen through 
the removal of the umbo from the scutal border. These species 
are divergent in some minor characteristics. As there has 
hitherto been but little material of these, it is hard to decide 
w’bether variations oocur. V. intexta and koehleri appear to me 
closely related. An evident difference appears in the number of 
articular ribs given for the terga and the scuta, three in the 
former and four in the latter species. V. kriigeri occupies, 
according to Broch, a middle position with a varying number of 
articular ribs (three or four). Moreover, Broch’s species diverges 
by having well-developed ribs which interlock with short ribs on 
the Carina. 
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OompUnientary description. 

The species here dealt with, V intexia, has hitherto been but 
briefly characterized, and has not been figured, wherefore a fuller 
description with figures is given in the following. 

Movable scutum with three articular ribs and three other ribs — 
in one case four. Bcutiun somewhat concave inside. 

Movable tergum with three articular ribs, including the diagonal 
rib. No other ribs on the plate. Fixed scutum and tergum with 
longitudinal ribs. 


Text-figure 14 



rerruca intejrta Pilsbry. 

a. Pitlpus. h. Mandible, c. Muxillu I. d. Maxilla 11. e. Movable scutum. 

J\ Movable tergum. 

Carina with ribs which interlock with those of the rostrum. 
On the other hand, there are not, os in V, hnigeri Broch, 1922, 
ribs towards the tergum, as the latter has no longitudinal ribs 
towards the carina. The ribs of the carina towards the rostrum 
are of the same size in these specimens. According to Pilsbry's 
description, the uppermost is tlie largest (“longer than the 
others'’). In V, koehleri^ which most resembles intexta^ the 
middle rib is largest. Maybe this has no great systematic 
importance, since it is merely a quantitative property. The umbo 
in these specimens is somew*hat produced, ns Pilsbry also states. 

nostrum patella-shaped because of the umbo being removed 
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from the apex. From the umbo there proceed numerous ribs, 
some of them alternating with those of the scutum and carina. 

Baml edges of the plates not indexed as in F, nexa, 

Moiith-pdvrts not previously described. 

Labrum somewhat concave, with teeth. 

Palp conical, pointed, with spines along one edge. 

Mandible with three teeth and the lower part of the front edge 
finely pectinated. 

Maxilla /. with strong upper spines and an excavation under- 
neath with smaller spines. Under that a projecting portion with 
larger spines. 

Maxilla II, evidently bilobate. 

Measurements (in millimetres) : — 

Carino-rostral diameter, 4; height, 1*5. 


Number of segments of the Cirri : — 

I. 11. 111. IV. V. 


13 18 8 16 17 18 19 20 — 25 


VI. 

27 27 


Caudal 

appendage. 

16 


The first two cirri with rami very unecpial in length. The 
other with rami of approximately equal length with 3 pairs of 
spines on the front edge of the segment. 

Caudal appendage about one-third the length of cirrus VI., with 
11 and 15 segments respectively in the specimen examined. 

Old locality, Philippines, off N.W. Panay, 312 fathoms 
(571 m.). 

New locality. E. of Madagascar, Saya de Malha hank, 150 
fathoms (275 m.). Pres, by Prof. Stanley (lard in er. 


Section Alti verruca Pilsbry, 1916. 

Verruca rathbuniana Pilsbiy, 1916. (Text-fig. 15.) 

Verruca rathbuniana Pilsbry, 1916. 

Complementary desct'iptiou. 

This species is represented here by a single specimen. Many 
species are brought under section Altiverruca, often <liverging from 
each other in sinallcr characteristics as, for example, number of 
articular ribs on the movjtble scutum and tergum, and the 
number of interlocking teeth between the rostrum and carina. 
In the latter character it seems to me that V. rathbuniana and 
quad/rangularis Iloek, 1883 closely agree, since the carino-rostral 
suture has two interlocking teeth. There is resemblance in other 
1 ‘espects also. Further finds are, however, necessary to decide 
whether there are one or two species here. As x egards externals, 
see Pilsbry^s description (1916). There it is stated (p. 42) : “ The 
rostrum is higher than the carina.’’ Here is a printer’s error, 
for it must really be the contrary. For comparison, figures of 
rostrum and carina are given (text-fig. 15, e,/). The same also 
appears from Pilsbiy’s fig. 2, pi. vii. 
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Mouth-parts not previously described. 

Lahrwni concave, with small close-growing teeth. 

Palp conical, pointed, with spines along one edge. 

MarkMhle with 3 teeth and a pectinated lower angle. Tooth 2 
and 3 with additional teeth. This mouth-part agrees very well 
with that of F*. quadrangularis^ which, according to Hoek’s figure, 
is provided with additional teeth on the third tooth. 


Text-figure 15. 



Verruca rathhuniam Pilsbry. 

a, Labrum. h. Mandible, c. Maxilla 1* c2. Maxilla II. a. Rostrum, f. Carina. 


Maxilla /. with evident notch on the middle. Above tliis, and 
adjacent, some small spines and at the top larger ones. Inner 
angle projecting with strong spines. This mouth-part resembles 
also to some extent that of F. quadrangalaria. 

MaxiUa //. bilobate, with notch without spines and of the 
usual appearance of Verrvxa, 

Measurements (in millimetres) ; — 

Oarino-rostral length, 5 ; height, 3. 

Number of segments of the Cirri : — 



Caudal 

appendage. 


0 10 0 11 16 10 19 20 — 20 19 20 8 
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OirruB /, with rami of nearly equal length* 

Cirrus II, with rami slightly unequal in length and the other 
cirri with rami of fairly equal length. The number of segments 
also agrees well with the statements of Pilsbry. Cirrus I., 
according to Pilsbry, with 10 and 11, cirrus II. with 6 and 11 
segments. These statements apparently refer to somewhat larger 
individuals than those examined here. V, quadrangul^aHs 
appears also to have an approximately equal number of segments : 
according to Hoek ciri us 1. with 7 and 10, cirrus II. with 7 
and 9, cirrus III. with 14 and 15 segments. 

Caudal appe,nda(je in Pilsbry’s specimen broken off, but stated 
to be short. In this specimen it is somewhat shorter than the 
protopodite and witli 8 segments, this being the sjtme as Hoek 
gives for F. qitadrangularis. 

Old locality* S.E. of Cape Cod, Lat. 40° 29' N. ; Long. 66^^ 4' W., 
1769 fathoms (3237 m.). 

New locality. Between Santiago and St. Vincent (Cape Verde 
Islands), 990 fathoms (1812 in.), 19. 1. 1919. Pres, by Eastern 
and Associated Telegraph Companies. 


Verruca navicula Hoek, 1913. (Text-6g. 16 ; PI. I. figs. 8-12.) 
Veirt'uca navicida Hoek, 1913. 


Complementary desanption . 

This material contained 6 individuals of this species from 
two localities in the Java Sea and one specimen from the 
ocean west of New Zealand, all from a great depth. The species 
was fully described by Hoek (1913) from two individuals. As 
there are 7 specimens here, the examination of Hoek’s description 
will be cliiefly confined to tlie estahlishinent of eventual variation. 

Iij both of Hoek’s specimens the operanlar plates of the left 
side were movable. Of these specimens the opercular plates of 
4 were movable on the right side and 3 <»n the left. This sj:)ecie8 
is most easily recognizable by the opercular plate.s. Hoek (1913, 
p. 137) says: “This is a very characteristic species. It is 
recognizable at once by the height of the movable tergnm and 
scutum and the numerous ridges, whicli serve for the articulation 
of these valves.” It is an interesting study to ascertain whether 
the articular, ribs in this species are fixed in number, which is 
often the case in other Verruca specie.s. Hoek gives for the 
movable scutum 5 articular ribs (the axial ridge included) ; for 
the movable tergum 6. The following summary of the number 
of ridges in the present specimens will indicate the prevalence of 
some variation : — 


Localities. 

*• 

Java Sea 

W. of Kew Zealand* 


Movable scutum. 
6 

5 

6 
7 
6 
6 
6 


Movable tergum. 
8 
6 
7 
7 
6 
e 
6 
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In certain cases also one can see how a rib begins to be divided 
into two. In any cose the great number of riba is a distinguishing 
mark of the species. As regards the opercular plates, I find good 

Text-figure 16. 








Verruca navicula tloek. 

Individuum from .lava Sea ; — a. Labrum aiid palpus, h. MamUble, r, Manila I. 

d. Maxilla 1 L e» Movable scutum, y*. Movable ter^um. 

Indivbluum from P.uji tic Ocean between Australia and New Zealand : — Mandible. 
h. Maxilla 1. i. Movable scutum. J* Movable tergum. 


agreement with the statements of Hoek. In one case^ the 
specimen from New Zealand, the tergum was not so regularly 
quadrangular, as the longer of the occludent margins is somewhat 
irregular, this being connected with the divergent manner of 
gi*owth of this individual. For comparison with Hoek*s figure 
Proc. Zool. Soo.— 1927, No. LI. 51 
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I give here a figure of two individuals from widely-separated 
localities (text-fig. 16), likewise a photograph (PI. I. figs. 8-12). 

There occurred on the carina of all the specimens the distinct 
furrow, running at some distance from the tergal margin towards 
the apex of tine valve, in which the rostrum is inserted. As 
regards the development of the ribs there is a slight variation ; 
they can be more or less evident, as will appear from the photos. 
For the rest, I refer to Hoek’s description. 

The^xed sctdtim and tergum are also in agreement with Hoek*s 
specimens, as appenj*s from PL I. fig. 11. The lines of growth 
as well as the vertical folds mentioned by Hoek was here very 
evident. In the specimens from New Zeals nd both plates were 
not straight, but sliglitly bent outwards, this being connected 
with the above-mentioned divergent manner of growth in this 
individual. 

The base in all these specimens were membranous. Hoek 
indicated this with some doubt. 

Mouth’-parta fully described and partially drawn by Hoek. 
For comparison, figures are given here of the specimen from the 
Java Sea and one from New Zealand showing evident resemblance 
to those of Hoek. 

Meaaiirementa (in millimetres) : — 


CarinaUrostral 

Localitios. Nos, diametor. Height. 


Java Sea 


1 


10 


9 


Java Sea .. . . 


2 


12 


12*5 


W. of New Zealand ... 

3 


14 


9 


Number of segments in 

the Cirri 

- 




Localities. Nos, 

I. 

II. 

III. 

IV. 

V. 

VI. 

Caudal 








appendage. 

Java Sea ... . 1 

12 24 

8 22 

22 25 

28 29 

30 34 

33 34 

39 

Java Sea 2 

14 28 

10 27 

26 28 

80 86 

34 36 

87 38 

38 

West of New 








Zealand 3 

18 27 

10 25 

9 32 

34 38 

36 89 

41 44 

41 


Cirrm /. and II, with rami of very unequal length, as stated 
by Hoek. As these specimens were larger than those of Hoek, 
more segments were obtained on the rami. For cirrus VI. Hoek 
gives 23-24 segments ; in these there were 33-44 segments. 

The caudal appendage I find equal in length to more than half 
of cirrus VI- and with numerous segments. 

Old hcaUtiea, Malay Archipelago between Flores and Humba 
and between New Guinea and Ceram, 1691-1755 fathoms (924- 
969 m.). 

New localitiee. No. 1. The Java Sea, Lat. 9® 6' 8., Long. 115° 
10' E., 1500 fathoms (2745 m.), 29. 3. 1916. Pres, by Eastern and 
Associated Telegraph Companies. No. 2. The Java Sea, Lat. 9° 
16' S., Long. 117° r 36" B., 1380 fathoms (2526 m.), 16. 7. 1907. 
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Pres, by Dr. F. Wood Jones. No. 3. Pacific Ocean, Iiat 37° S., 
Long. 163^ 30' E., 1500 fathoms (2745 m.), 6. 3. 1918. Pres, by 
Eastern and Associated Telegraph Companies. 

Genus Outiiamalus. 

Ohthamalus ouallexgeju Hoek, 1883. (PI. I. fig. 13.) 

Syn. Author, 1921. 

This species, found previously several times in the Japanese 
Sea, is here represented by a collection of large individuals up to 
1) 5 millimetres in carino rostral length, residing on a Mytilua 
individual. 

locality. Japan, Tlakodadi. 

Distribution. Japanese and Malayan waters. 

Chtiiamalus antcnnatos Darwin, 1854. 

Syn. Author, 1921. 

This species is represented by an iinlividual attached to a stone. 
Though the material w'as dry, an examination of the internal 
parts w'as possible, at which the antenna-like ramus on cirrus III, 
which IS charactei’istic of some individuals of this species Wfis met 
with. Description hy the Author, 1921, ’20; Broch, 1922. 

locality. New South Wales, Jervis Bay, Iluskinsou, from 
between tide-levels, 1925. Pres, by F. A. llodvvay. 


Genus Paciiyuasma. 

Paohylasma scirrisTRiAXA Broch, 1922. (Text-fig. 17 ; Pi. I. 

% U.) 

Piichylasnut scutistriata Broch, 1922. 

( lomplernentary description. 

Up to the present only six species of this genus have been 
described. Notwithstanding the small number of species, con- 
siderable diificulty prevails as to the determination of forms. 
These specimens from two localities seem at first sight to agree 
with P. crinoidophilinn Pilsbry, 1911 from Kagoshima Gulf, 
which specie*, Iiowever, diverges in some characters, e. g. the 
width of the carino-lateral compartments. In Brocli's species, as 
well as in these individuals, the lateral and carino-lateral com- 
partments are of the same width. A certain resemblance also 
exists between the specimens and P. gigatUeum Darwin, 1854, 
known from the Mediterranean. The species appears, however, 
to diverge in the matter of the opercular plates. Tliese indi- 
viduals agree best with Broch^s P. scutistriata from Bass Strait, 
Australia. For comparison a photo of the outer parts is given. 
According to Broch the basis is membranous in young specimens, 

51 ^ 
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in older ones calcified. These specimens all had an evidently 
calcified base. Scatit^n and tergum agree with Broch’s figures. 

Mouth-parts, Labrum, according to Broch, without hair and 
teeth. In one specimen 1 found hair, in another also many- 
pointed teeth. 

Text-figure 17. 



Faehjiflasma acutistriata Broch. 

a. Labrum. h. Palpus, c. Mandible, d. Maxilla I. a. Maxilla II. f. Cirrus VI. 
and caudal appendage, g. Scutum. Ji. Tergum. 

Palpus conical, with spines in the front part and along the 
upper edge. 

Mandible and Maxilla L as in Broch's specimens. 

Maxilla //. evidently bilobate, with inward curvature on the 
middle, of the appearance typical to the family Ohthamalidse. 
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Meaaurements (in millimetres) : — 

Carino-roBtral length. Height. 

Largest specimens 31 26 

Smallest specimens 14 13 

Caudal 
appeudage. 
18 
19 


J\"u77iber of segnients of tlie Cirri : — 



11 33 14 20 20 20 27 27 28 30 3r) 31 

9 12 le 18 22 22 24 27 27 28 30 33 


Like Broch, 1 find in tliese specimens long caudal appendages^ 
these also being found in ]\ gigantenm. 

Whether these two species are clearly divergent cannot at 
present be decided, as furtlier limls of I\ giganteum are lacking, 
it seems odd that tlie cliaracter to which great w'eight has 
been attaclied in distinguishing the Pachglasma species (the 
width of tlie lateral and caii no-lateral compartments) according 
to Darwin (1854, p. 478) can ho liable to variation connected 
with difrerent stages of development. 4'here would then be the 
same uncertaiuty with regard to other sjiecies, and, in tliat case, 
tlie wliole genus sliould be subjeote<l to revision. 

Old localities. Between Tasmania ami Australia. 

Sew localities, Lat. 8^ 40' 8., Long. 114^ 44' E., 400 fathoms 
(732 m.), 28, 7, Pres, by Eastern Telegrapli Company. — 
Lat. 6° 15' X., Long. 93'*' 35' E,, S.E, of Great Nicobar, 1040- 
1120 fathoms (1903-2050 m.), 30.4,1925. Pres, by Eastern 
Extension Telegraph Company. 


Genus Balaxus. 


Hubgeuus MEOAiiALAXf s Hoek, 1913. 

Balanus TiNTiNNAHULUM PENixsuLAiiis Pilsbiy, 1916, (Text- 
fig. 18.) 

Balanus tintinnabidum peninsulatds Pilsbry, 1916. 


Text-figure 18. 



Balanus tintintmhulum peninsularis Pilsbry. 
a. Scutum. 5. Tergum. 
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These specimens from Japan agi^eed well with the subspecies 
of Pilsbry described from California. Inner parts were lacking. 
In outer parts complete resemblance through the close-growing 
spines of parietes. The plates were beautifully rose-coloured. 
Scutum and torgum (text-fig. 18) agree well with Pilsbry’s figures. 
Meamrements (in millimetres) : — 


Can no- rostral length. Height. 

13 12 

18 19 

43 40 


The allied B. tinthmabuhcm spinosus (Gmelin) has more 
strongly “develoj)ed spines on parietes. 

Old locality* Lower California, Cape St. Lucas. 

New locality, Japan, Sagaiui, Misaki, 25.12.1921. Pres, by 
Alan V. Insole, 

Balanus decorcs Darwin, 1854. 

Balamis decoriis Darwin, 1854; Hutton, 1879; Gruvel, 1905; 
Chilton, 1909; Pilsbry, 1916; Jennings, 1918; Wiihei's, 1924. 

Balanus amphitrite comtmniis Borradaile, 1916. 

Locality, New Zealand, Hauraki Gulf, 5. 11. 1912. 

Snbgenus Balakvs Da Costa. 

Balanus trioonus Darwin, 1854. 

These specimens are derived from the same locality as some of 
Broch’s (1922). As J discussed in 1921 the dental armature of 
cirrus III. in specimens from Ja})an and the W. Indies, it is 
deserving of mention here that the specimen had strong teeth on 
the front edge of the segment of cirrus 111. 

Locality, New Zealand, Hauraki Gulf, 5. 11. 1912. 

Balanus spongicola Brown, 1827. 

Balanus spongicola Brov/n, 1827, 1844; Darwin, 1854; 
Gruvel, 1905, 1907 a, 1909, 1910, 1920; Stebbing, 1910; 
Pilsbry, 1916; Barnard, 1924. 

This species, fully described l)y PiJsbiy, is represented here by 
4 specimens. By comparison 1 am able to establish resemblance 
in the outer parts to Darwin’s specimens. The plates and inner 
parts agreed well with former descriptions. 

Size of the largest specimen (in millimetres) : — 

Oarino*rostral length, 19: height, 15. 

The species found in numerous localities in dififerent parts of 
the world appears to be cosmopolitan in its distribution. 

New hctdity* Off cable between Pai and Maricas Island, Ki© 
de Janeiro. 
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B\xhgen\xs Hesperwacanus* Pilsbiy, 1916. 

Balanits HB8PEEIUS forma LiEViDOMUS Pikbry, 1916. 

Balcmvs heapervus loBvidomua Pikbry, 1916. 

Balanua kesperim with foi'ina lasvidomua was described as late 
as 1916. The species, however, k not rare along the coasts of 
the Pacihc. In the collection of the British Museum, 1 found 
3 specimens which agreed well with the forma Utvidomus^ which 
in typical eases has the external wall smooth. 

MeaaurevienU (in millimetres) : — 

Garin o«rostral length, 13 ; height, 6, 

For the rest 1 refer to the figures and descriptions of Pikbry. 

Locality, Fort Rupert, Vancouver Island. 

Distribution. Monterey, California to Alaska. 

Balanus tenuis Hoek, 1883. 

Syn. Author, 1925; Barnard, 1924. 

Tiiese particularly defective specimens without oj)ercular plates 
and inner parts I believe 1 can bring under B. tenuis^ which I 
had previously had the opportunity of examining (the Author, 
1925). 

Neto locality. Java Sea, Lat, 7° 35' S., Long. 114'^ 30' 30' E., 
73-175 fathoms (134-320 m.), 28.7.1917. Pres, by Eastern 
and Associated Telegraph OompHiiies. 

Distribution. Pacific Ocean, E. and S. of Japnu; E. and S. 
China Sea ; Philippine Archipelago ; Java Sea. 


Subgenus CifmoNA Gray, 1835. 

Balanus amaryllis Darwin, 1854,' forma euamaryllis Broch, 
1922. 

Syn. Author, 1921. 

These specimens were all typical B. amaryllis. Inner parts 
showed great resemblance to former descriptions. Broch states 
that in forma eu-amaryllis cirrus VI. sometimes has 3-4 pail's of 
spines on the front edge of tiie segments. In these specimens, 
however, I find the number of anterior spines given by Darwin, 
vis. 2 pairs. The carino-rostral length of the largest specimen 
was 30 mm. and the height 35 mm., which is somewhat less than 
what Darwin gives for his largest specimen. 

Locality. Java Sea, 16. 10. 1906. Pres, by Francis Worsley. 

* To the teme saltgetitie {M.9%p^rihalan<M) Barnard refers a new epecies, 
JB. slisahuthat from 8 onth Africa, which is stated to be closely allied to B.hup§rius 
nipponsn$0. Figures are unfortunately lacking. 
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Genus £lminius. 

Elminiits modestus Darwin, 1854. 

A few small specimens of this species were found on alga?. 
The plates bad two fc^lds, which 1 have also found in younger 
specimens of the species (Autlmi , 1926). In full-grown specimt ns 
these folds are divided into seveial. 

Locality, Kew Zealand, Haurnki Gulf, 5. 11. 1912. 

Genus Tetraclita. 

Subgeiuis Tetkaclita. 

TETRACi-aTA POROSA JAPONJCA Pilsbry, 191G. 

Syn. Pilsbry, 1916. 

This subspecies is, accoiding to Pilsbry, the prevalent form of 
the species in Japan. These three specimens agreed well with 
regard to the operculai* plates with those of Pilsbi-y in that the 
scutum ])ad in the inflected occludent border few strong teeth (in 
these 3, in Pilsbry 's 4 or 5). li\ Ttiracliia jm'osa viridis^ on the 
other hand, numerous small teeth are found. Tlie spur also 
small, as stated by Pilsbry. 

Locality, Japan, Sagami, Misaki, 23. 12. 1921. Pres, by 
Alan V. Insole. 

Tetracuta i*orosa stalaotfera (Lamarck). 

Syn. Pilsbry, 1916. 

Some dry specimens of Tdraclita from Pernambtuo agree well 
with the subspecies fully described and figured by Pilsbry. 
Darwin ^s var. commuoiis^ w hich is put Iw Pilsbi y in this subspecies, 
was found at Pernambuco, the same locality as the specimens 
dealt, with here. 

Locality. Ofi' reef at Pernambuco. Pres, by Sir David Wilson 
Barker. 

Subgenus TESSEBOPonA Pilsbry, 1916. 

Tetraclita (Tksseropora) rosea (Krauss, 1848). 

Conia rosea Krauss, 1848, Darwin, 1854; Gruvel, 1905; 
Stebbing, 1910; Pilsbry, 1916; Barnard, 1924. 

Comphmentary description. 

The species is represented in the material of the British 
Museum by some dry specimens, of which the smaller had a 
smooth shell, the lai’ger a creased one of the appearance shown by 
Darwin^s pi. x. fig. 3 (1854). The species, whose outer parts are 
easily recognizable, is very briefly described as to its inner parts. 
As yet another species of the subgeiius Tesseropora has become 
known, viz. Tetraclita wiren% mihi, 1921, w^hich has been fully 
described as to its inner parts. I will give for comparison some 
information about the mouth-parts and cirri. 
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Although tlK-» .specimouK 'vere diy, 1 fiucceedeci by the use of 
alcohol and glycerine in softening the animals so that preparations 
of month-parts and cirri could he made. 

Month-partH aflTord very grc*at resemblance to the kindred 
above-mentioned s))ecies. 

Lnhrnm witlj a slight inward tlexion at the middle. On each 
side l\ sti'ong teeth. Along the whole edge tine hair. 


Text-figure 19. 



a, Labrum. h. PalpuH. c. Mandible, d. Maxilla I. e. Maxilla II. 

iWplong, not pointed at the front, but rounde<l. Upper edge 
concave, lower edge convex. Spines at the end and along the 
upper edge. Some of these strongly feathered. 

MandihU witii 4 strong teeth and a somewhat pectinated 
region on the front edge below*. Some additional teeth can be 
found on teeth 2 -4. 

McuviUa /. with straight front edge with marked inner angle. 
Plain notch in the upper part of the front edge. The spines 
situated above that strongest. 
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Maa^illa //, rather wide ; wider than in T, wireni. Notch 
without spines on the middle of the front edge. 

Mecmtrements (in millimetres): — 

Oarino-rostral length, 22 ; height, 10. 


Number of segments of the CiiTi : — 
I. IL 111. IV. 


V. 


10 20 


13 20 17 24 20 21 — 


VI. 

_ 525 


Ci7Ti /. and 77. with rami of unequal length ; cirrus III, 
with rami of almost equal length. In 1\ iviren% mihi, cirri It, 
and Hi. had rami of the same length. Further finds should 
make it clear whether this difference lias any significance. In 
other species, as, for instance, 1\ serrata^ great variations in the 
length of the cirri are found. 

The longer cirri had three pairs of spines on the front edge of 
each segment. 

New locality. New South Wales, betvreen tide-marks at 
entrance to Siioalhaven River. Pres, by F. A. Rodw’ay. 

Distribution. Australia, S. Africa. 
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1900. Geuvel, a. — O il a New Sjuudes of Alepaa, Ann. & Mag. Nat. Hist. ser. 7, 

vol. \i. London, 1900. 

1901. Diagnoses de quelques mmvelles csp^ces de Cirrhipedes. Bull. Mus. 

d’Hi't. Nut. tom. vii. Pans, 1901. 

1902 a. Cirihipodes. Exp. Sciciit. du * Travailleur ’ et du * Talisman,’ 

1880-83. Pans, l‘J02. 

1902 5. Kevision des Cinhiptides P^duncul<^s. 1. Partie Systematique. 

Nouv. Arch. Mu«. tlTIiat. Nat. ser. iv. tom. 4. Paris, 1902. 

1902 c. Sur quelqiies L5pudides iiou\eiiux de la collection du Bnt. Mus. 

Trans. Linn. Soc. ser. 2, vol. viii. London, 1902. 

1905. Moiiographio des CirrhipMes ou Tli5co.strac5s. Paris, 1905. 

1907 a. — Note Pr61miinaiiv sur les Cirrhipedes Opercult^s recucillis par 
riCxpi^ditioii suhpolaire alleinaude du* Gauss.’ Bull.Soc.Zool.de 
Prance, vol, xxxii, Paris, 1907, 

1907 5. Cirrhipedes Opercul^s de ITndiau Museum de Calcutta. Mem. 

Asiatic 8oc. Ib'iigul, vol. ii. Calcutta, 1907. 

1909. Etude den ('irrhipedes de I’Ocdan Indieu. Trans, Linn. Soc. ser. ii, 

vol. Mil. London, 1909. 

1910. Ciinp<Hlien. Deutsche Siidpolarcxp. 1901-03, Bd. xi. Zoologie 3. 

Berlin, 1910. 

1920. CirrhipiMes prov. dea Camp, scieiit. de 8. A. S. le Prince de Monaco. 

Ilesult. de Camp. Scient. Albert !«**, Ease. 63, Monaco, 1920. 

1883. UoKK, P. P, — Report on the Cirripedia Coll, by H.M.S. ‘ Chullengor.’ Rep. 
Scient. Kes. ‘Challenger,’ vol. viii. London, 1883. 

1907. The Cirripedia of the ‘Siboga’ Expedition. .4. Peduuculata. 

* Siboga ’ Expeditie, xxxia. Leiden, 1 VM 17 , 

1918. The (hrnpedia of the ‘Siboga’ Expedition. B, Cirripedia scssilia. 

‘ Siboga ’ Expeditie, xxxi h, Leiden, 1913. 

1879. Hcttof, F. V\'. — List of the New Zealand Cirripedia in the Otago Museum. 

Trans. N.Z. Inst. vol. ii. Wellington, N.Z., 1879, 

1916. Jeekiegis, L. S. — Pedunculate Cu*ripedia of New Zealand and Neighbouring 
Islands. Trans. & Proc. N.Z. Institute, 1914, vol. 47. Wellington, 
N.Z., 1916. 

1918. — Revision of the Cirripedia of New Zealand. Trans. & Proc. N.Z. 
Institute, 1917, vol. 60. Wellington, N.Z., 3918. 

1911. KeOoeb, P. — Beitrkge zur Cindpedien fauna Ostasieiis. Abhandl. math.* 

naturwiss* Kl. der k. Akad. der Wissenscli often. 11. Suppl.-Bd., 
6 Abhandl. Muuchen, 1911. 

1921. NxL8SO»-CAETBLt, C. A. — Cirri peden-Studieu. Zool. Bidrag fr. Uppsala, 

Bd. vii. Uppsala, 1921. 

1926. — Neue mid wenig bekannte Cirripeden. Arkiv for Zoologi utg. av Kgl. 

Bveiisktt Vet.»Akad. Handl. Bd. xviii A, no. 3, Stockholm, 1926. 
1926. — Antarktische und Subautarktische Cirripeden, Ibid, no, 27. Stock- 
holm, 1926. 
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1907 a. PiLSUBT, H. — The Barnacles contained in the Collections of the U.S. Nat. 

Mus. Sinithsoiiian Institution, U.S. Nat. Mus. Bull. 60. 
Washington, 1907. 

19076. ~ Hawaiian Cirripedia. Bull. Bureau Fish. vol. xxvi. 1006. 
Washington, 1907. 

1911. — Barnacles of Japan and Bering Sea. Ibid, vol, xxix. 1909. 

Washington, 1911. 

1912, — — - Diagnoses of New Barnacles from the Philippine Archipelago and 

China Sea. Sinith*«oman Institution, U.S. Nat, Mus. Proc. vol. 4*2, 
Washington, 1912. 

1910. — The Sessile Burnaoles contained in the U.S. Nat. Mus, SruitliRonian 
institution, I'.S. Nat. Mus. Bull. 96. Wushington, 1910. 

1894. Stebbing, T. B. B. — A New I’edarcuhite Cirvipede. Ann. & Mag. Nat. 
Hist. ser. (>, vol. xiii. London, 1894. 

1910. Gem»ral Catalogue ot South African Crustacea. Cape Town, South 

African Mus, Annals, vol. vi. London, 1910. 

1922. WKLTiiKii, W. — Cniipeilia der dentschen Tietsee-Ex]>edition, Wiss. Ergeh- 
nisse der deuischen Tielsee-Exp. Bd. xxiii. Heft 2. Jena, 1922. 
1924. Withehs, Th. H.-'lhe Fossil Cinipcdes of New Zealand. N.Z. I)ex>. of 
Mines, (leol. Sur\ev Branch. Paleont. Bull. No. 10. Wellington, 
N.Z., 1924, 


EXPLANATION OF THE PLATE. 

Fig. 1. Lepas auafifera tumfarcata, vgr. n. X 0*97. 

2. Jdeteralipas japomca f. tndica, JA)calit> no. 4. X 1. 

3. IJeteralepas japonica f. indica. Locality no. 6. X 0'06. 

4. Heteralepaa Japontea f. mdica. Locality no. 9. X 0*86. 

6. Heteralepaa lankesteri Oruvel, 1900. X 0'H7. 

0. Verruca ealothecafiacidula Pilabry, 1910. X !• 

7. Verruca intexta Pilshry, 1912. X 1*23. 

8. Verruca tiavicula Hoek, 1913. Locality no 1. X 1*2. 

Figs. 9, 10, 11. Verruca naricula Hoek, 1913 Locality no. 2. X 0*86. 
Fig. 12. Verruca naricula Hoek, 1913. Locality no. 3. X 1. 

13, Chthainalus challengeri Hoek, 18H3. X 1. 

14. l^aclij/lanma sciUistriata Broch, 1922. X 0*96. 
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EXHIBITIONS AND NOTICES. 

May 10th, 1927. 

Major S. S. Flower, O.B.E., Vice-President, 
in the Chair. 

Mr. D. Curator of Mammals and Birds, exhibited 

a series of living speoimous of tlie following species of Lovebirds 
in the Society’s collection : — 

Agajxyrnia cana, 

,, pidlarla. 

romieftUis, 

,, tui'anta, 

nigrUjenis. 

„ liUanm, 

„ per sonata. 


Mr. li. J. PococK, F,H.8., exhibited the skin of a remarkable 
variety of Leopard j)i*ociired from a native in the southern part 
of the province of Kaimra, South India, by Mr. C. A. Souter, 
I.O.S., who had <leposited it in the Natural History Museum, 
S. Kensington. The skin differs from that of normal Indian 
leo])ards in the modification of the |>attern. 

The ordinary rosettes are broken up and fused to such an 
extent that, supplemented with additional pigment, they convey 
the impression of a blackish animal speckled and streaked with 
yellow. From the crown of the head to tlie root of the tail runs 
a broad black band, which, on the shoulders and posterior half of 
the back, is defined laterally by yellow streaks of varying length 
arranged subsym metrically in two longitudinal broken lines. 
Over tlie witliers this band is very distinctly speckled with 
yellow ; on the nape and fore part of the back it is at most 
faintly speckled, whereas on tlie posterior part of the back it is 
marked with narrow, indistinct, pale longitudinal streaks. The 
spotting on the top and sides of the head and on the neck is 
more normal, but t.he spots are to a great extent confluent. Tlie 
fore legs are thickly and closely spotted to the feet, the spots 
becoming more and more coalesced into intcidaciug lines up 
towards the withers. On the flanks the spots similarly run 
together into irregular zigzag interlacing lines defining streaks 
and spots of yellow or fawn. On the thighs the spots flow* 
together into larger black blotche.^, relie\ ed by pale spots and 
streaks, the latter in some cases being comparable to forked 
lightning. The hind legs are spotted to the feet, but not so 
closely as the fore legs. The tail is mostly black along its upper 
aide, but streaked with yellow on its basal half. The loww pai*ts 
are white as in ordinai'y leopards, and the spots apparently run 
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into abbreviated black Hues, but a good deal of the skin of this 
area has been cut away in tlie making of it into a rug. 

So far as Iinlian leoj^anls are concerned, this variety most 


'Pext-htiure 1. 



Vjirietv of Leopard from Kanara, India. 

nearly resembles one shot by Mr. F. A. Coleridge at Putnam in 
Cuddapah, the skin of which was exhibited by Mr. Lydekker at 
the Zoological Society and described and figured in the Society's 
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* Proceedings/ 1908, pt. 1, pp. 1-3, text- fig. 1. In this skin, 
judging from the photograph, the normal rosettes on the body 
are mostly imrtially loroken up and coalesced into patches or 
blotches of irregular shape, simulating very large rosettes, each 
of which is wholly or partly margined with a black lino sur- 
rounding a darker area dotted with more or fewer solid spots. 
Here and there the spots run together into black stieaks. The 
blotches, especially on the flanks, are separated and sharply 
defined by a large-iueshed network of narrow yellow lines ; but 
on the <lorsal area tho blotches fuse to a greater or less extent to 
form a broad blackish hand extending from between the ears to 
the root of the tail and defined laterally by a narrow yellow 
brandling longitudinal streak. Anteriorly this dark band is 
somewhat diamond -shaped, being pointed on the crown, angularly 
expanded on the nape of the neck, and constricted behind over 
the shoulders, where the ^^ellow streaks which define it curve 
outwards or downvrar<ls towards the elbow and are not continuous 
with the yellow streak, sometimes interrupted, which defines 
the dark band on the hack and loins. The face, the sides of 
the neck and the limbs are heavily hut moi'e normally spotted, 
and tho upper si<le of the tail is blackish, speckled with 
yellow. An interesting point about this skin is that it holds 
a nearly intermediate position between tlie skins of normally 
coloured leopards and Mr. Souter's skin from South Kanara. 
The latter, however, has progressed a stage further in the 
direction of this peculiar method of nigrescence attained by the 
disintegration and coalescence of the rosettes, a method which 
is quite distinct from that of ordinary black leopards, where the 
blackness is due to the pigmentation of tlie pale areas obscuring 
the normal rosettes, which are typically only visible under reflected 
light. 

The method exhibited by the skin from Kanara is precisely 
similar to that of some leopards recorded from the neighbourhood 
of Gmhamstown in South Africa, to which Dr. Giinther gave 
the name Felu pardtis melanotica (Proc. Zool, Soc. 1885, p. 243, 
pi. xvi.). In the first specimen of this mutation to come to hand 
the rosettes were broken up into a multitude of small black spots, 
thickly covering the body and confluent for the most part all 
over the flank.s, and especially in the mnidle of the back, which is 
black. But in a second much darker skin received in the following 
year and also described by Dr. Giinther (Proc. Zool, Soc. 1886, 
p. 203), the back, flanks, upper side of the tail, nape of the neck, 
and crown of the head are practically black all over, except 
for some normally-coloured patches in front of and behind the 
shoulders, the sides of the neck, the throat and belly remaining 
white with black spots, the outside of the fore limbs and of the 
hind limbs below the hocks being thickly marked with small 
spots and the thighs blotched with larger more or less confluent 
spots. A photograph of this skin, preserved in the British 
Museutn, is here repi'oduced for comparison with the skin from 
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Southern Kanara, It clearly represents a further stage of the 
nigrescence exhibited by the Indian skill ; but what appears to 
be a still blacker example is preserve(i in the South African 
Museum at Cape Town and was figured by Mr. W, L. Sclater in 
A900 (‘The Fauna of South Africa: Mammals/ vol. i. p. 36, 

Text- figure 2. 



Variety of beopunl from (Jralianistown, S. Africa. 


fig. 10). This specimen, judging from the figure, is only definitely 
spotted on the sides of the neck, on the fore paws, and on the hind 
legs below the hocks. Especially does it difler apparently from 
the skin from Qrahamstown, hei^e figured, in having the cheeks, 
throat, belly, inside of the limbs, and underside of the tail black. 
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like the biick aud flanks. Bat possibly tbe darkness of these areas 
is due to slmdow. Mr. Sclater did not describe the specimen or 
comment on any differences between it and the examples i*ecorded 
by Dr. QUnther. 

A further point of interest connected with Mr. Souter’s skin 
from Boutb Kanara is the proof it affords of the occurrence in 
Indian Leopards of the type of nigrescence hitherto believed 
to 1)6 found only in African specimens, and it now remains to be 
seen if the black leopards referred to by Blanford (* Fauna of 
British India ; Mammalia/ p. 69, 1888) as commoner in the hills 
of Southern India and in Travancore than elsewhere in Peninsular 
India are of the ordinary kind which is mostly imported from 
the countries to the east of the Bay of Bengal or to the kind 
typified by tlie Grahamstown variety. 


Mr. G. C. Robson, M.A., F.Z.S., exhibited a series of lantern- 
slides and specimens illustrating (a) a special type of Hectocotylus 
in the Octopoda and (6) n reconsideration of the function of the 
Hectocotylus. 


Kay 24th, 1927. 

Major S. S. Fdower, Vice-Pi-esident, 

in the Chair. 

The Sbcrbtary read the following Report on the Additions to 
ttie Society’s Menagerie during the month of April 192/ : — 

The registered additions to the Society's Menagerie during 
the month of April were 187 in number. Of tliese 25 were 
acquired by pi*esentation, 124 were purchased, 6 were received 
in exchange, and 32 were born in the Menagerie. 

The following may be specially mentioned : — 

2 Trinidad Motmots {MomotuB swainsoni)^ new to the Collection, 
presented by Miss Byatt on April 18th. 

1 Brown-necked Parrot (PcecwjepAaftts/ascwoWts), from Northern 
Rhodesia, presented by Mr. W. Singleton Fisher on April 30th. 


Mr* R. H. Burns, M.A., F.B.S., F.Z.S., exhibited, and made 
remarks upon, injected preparations from the Angler-fish and 
the Cod, showing the presence and distribution of vessels of 
unknown function relati^ to the lymphatic system. 
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June 7tfa^l^7. ^ 

Prof* E, W. MaoBbidb, M,A-, D.Sq., F.R.S., Vice- 
i^t'esideiit, ill the Chair. 

The SsoAETARY reaci the following lleport on the Additions to 
the Society’^ Menagerie during the mouth of Mny 1927 ; — 

The registered additions to the Society’s Meiiegerie during the 
month of May wei*e 203 in number. Of these 67 weie eci|uired 
by presentation, li2 were purchased, 1 was deposited, uihI 23 
were bom in the Menagerie. 

The following may l>e specially mentioned : — 

A Greater Bird -of- Paradise {Paradism apoda) and a Black- 
headed Butcher-Crow (Cracticus cassietia) from the Aru Islands, 
presented by Alfred Ezra, O.B.E., F.2.S., on May 13th. 

A Violaceous Plantain-eater {MuBophaga molacea\ a Crowned 
Duiker {Sylvicapra coroncUa)^ and several other mammals and 
birds, from Northern Territ»»ries, Gold Const, presented by 
A. W. J. Pomeroy on May 21st. 


Prof. J. P. Hill, F.R.S., F.2.S., exhibited, and made remarks 
upon, a remarkable series of photographs and drawings of 
Ediidna and Orinihorhynchus Embryos. 


Dr. H. H. Scott, F.Z.S., exhibited, and made remarks upon, 
he Crop contents of two Ostriches. 


Prof. W. Rowan exhibited, and made remarks upon, a series 
of photographs bearing on the problem of Bird Migration. 


Mr. D. Sbth-Smith, F.Z.S., gave an account of the Birds he 
had seen during visits to the Society’s new Estate at Wliipsnnde. 


p Proceedings,’ 19^7, Part II. (pp. 958<490), was 
pnblished on Jnlj 10th, 19870 
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41 . Spolia Menta vvi«iisi;i, — l^y F. N, (^uaskn, 

(y^M.Z.S., i\ Bodkn Kloss, F.Z.S. With an 
Introduction by (\ BoDioN IvLOss. 


[Keceivi'ci Jul\ 30, 11)27 Hwl Novumlicr 16, 

(IMmU-.', 1. V. aixl Map*.) 
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J INTRODUCTION. 

The JMentawi (Iroiip, to the west of SniioCia. consists of the 
islands of Sihciiit, Sipora, and ^Soi'th and fsout h Ba<;i. The 
first and not t lici‘nnin'>l . i ()U:,^;hlv <juadt ilatoral, about sL\t\ geo- 
graphical miles long ami t\\m»lN-nv4‘ wnie, is huger tiian the 
otiier thiec (vviiici! oic fnirlv etjiial in si/c) pntt(»gether there 
are also a nmnhei' <tf small j.slamis ne.u llaoi s)ioit‘s. 'i'he gjo^p 
lies parallel to the coast of Somalia and abtmt littv to eighty 
inih\s distant . it s noi I hern ext rcmii \ is Ijul. ]'' South. 

'Idle mammals oi Sinoia Island nad been collected by l)r. K. 
MoiligliaiJi in 1 S92, ami thereof the Jhii’i Islands bv Dr. W. L. 
Alibott ami ni\self iti liMri; hut »S|l»ern1 had ne\ei been worked 
by a nalairalist until 1 lamb'd tlnie in Septmubei 1 9li4. accom- 
panied liy i\Ii. N. Smedley, Assrstaiit < ’major of the [{allies 
Museum, Singapoi-e, and a paitv of nati\e assistants. J had 
several times since the \isit to the Islands a[)plied to the 

< lovei nnnmt. of Net liei lands India tor penmssi.»ij to visit Sihernt, 
hut sanction had betm withheld on account, ot tlie attitude of the 
Jndonesiaii inhahitaiits. tin' last m tlie group to come under 
administration. At length, in 1 92.*b however, tlie Government 
was a)>le to agrta* to a visit, and when the time came a year 
later to make it, gave assi.stance, a.s iisnal, in a most generous 
inannei*. A montli w’as s])ent on Siherut (Sept.- Oct.) and another 
on Sipora (Oct. Nov.), and hesnies obtaining inucli zoological 
material, hot.h xertehrate and invertebrate, collect ions of plants 
and ethnographical objects were made as well. Reports on all 
the^je, as prepaied, are being piihli.shed under the general title 
‘ Spolia Mentiiwimisia.’ The following have already appeared : — 

i. The Flora of the Mentawi islands. H. N. llidley, Kevv 
Bulletin, 1921), pp. 56-94. 

* Foi oxplatiutioii t»f 1h»* Plates, see page 840. 

Prop. Zool. Soc. — 1927 . No. LllJ. 


53 



798 


MIMAS. F» N. CHA8AN AKA 0. B, ALOSS : 


ii. Birds. F. N. Cbasen aniJ O. Boden Kloss, Ibis, 1926, 

pp. 269-^306, pL iii. and map. 

iii. Reptiles and Amphibians. Malcolm A. Smith, Ann* 
. Mag. Kat. Hist. (9) 1926, xviii, pp. 76-81, 

iv. Zoraptera. H. H. Karny, Treubia, ix. 1926, pp. Ir8, 

pi. i. text-figs. 1-3. 

V. Dragonfiies. F. F. lAidlaw, Journ. Malayan Branch 
Boy. Asiat. Soc. iv. 1926, pp. 214-233, figs. 1-5. 

vi. Derxnaptera. A. Borelli, s. pp. 384-391, figs. 1, 2. 

vii. Fulgaroidea, Homoptera. F. Muir, t. c. «. pp. 392-412, 

figs. 1-34. 

viii. Homoptera « Fulgoroidea. C. F. Baker, Philippine 
Journ. Sci. xxxii. 1927, pp. 391-410, pi. i. text- 
figs. 

The following areln the p^ess : — 

Cicadidfle. J. 0. Moult^on. 

Membracidse, Homoptera. F. Muir. 

Acrididfie (Orthoptera). C. Willemse. 

Pteridophyta. R. E. Holttum. 

Musoi. H. N, Dixon. 

The group is forested all over, and the collections were made 
at various localitie.s near the Government stations of Siberut, 
in the island of that name, and Sioban in Sipora : they came 
from the sea-shore, low-lying ground, the swamps, cultivated 
areas, and from such hills as were accessible. 

The islands are not very pleasant collecting-grounds : they are 
mostly swamp, out of which rise hills nowhere more than 1600 
feet high and generally difificult to get at, being surrounded by 
soft ground. The sago-palm is common. The native villages 
are situated on the banks of rivers some distance upstream, and 
there are scarcely any paths except those made by the Dutch 
military posts : these are generally through fiat land and are 
often untraversablo owing to floods. There is much rain 
throughout the year. The islands are unhealthy: in spite of 
systematic employment of quinine and other precautions, all the 
members of a party ©f fifteen, except myself, suffered from 
malaria either on the islands or soon after leaving them. 

As much on the latter account as because my period of absence 
from heaxlquartei’s was limited, the Pagi Islands were not visited 
again. The lack of material from them, obtained in the same 
way and at much the same period as that from the other islands, 
has been a great handicap in working out the vertebrate collec- 
tions. I do not think there is much left for the .next visiting 
mammalogist to discover, but the systematist with adequate 
material available from the Pagi Islands and from the fiatu 
Group to the north wou4d probably distinguish further races. 
The present treatment of the collection is deliberately conserva- 
tive* . ' 
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The Mentawi Islands are apparently connected with each other 
by a sea-l)ottom of less than 100 fathoms, and most bathy- 
graphical charts show a connection with Sumatra, via the Batu 
Islands to the north-east, by a narrow ridge of similar soundings ; 
but I am inclined to doubt whether this ridge is as unbroken as 
indicated, for the faunas of the groups differ greatly; while, 
though the Mentawi Islands possess a much richer mammalian 
fauna than the undoubtedly deep<-water islands of Simalur and 
Engano at the extremities of the West Sumatran chain of islands, 
the fauna is much more peculiar and differentiated than that of 
Nias Island, also represented as being within the one-hundred- 
fathoni line. 

Apart from the connecting ridge, the group is surrounded by 
depths of 100-500 fathoms of water ; further, everywhere directly 
between it and Sumatra lies the long Mentawi Basin with depths 
of 600-1000 fathoms. Such conditions render several of the 
West Sumatmn Islands, in spite of small size and lack of height, 
quite as distinct from each other and from the rest of Malaysia 
as the larger areas of that sttb-region are from each other. 

Various hypotheses have been offered as to the former condi- 
tions of the West Sumatran Islands, but most of them were 
made by students of the reptilian faunas. Hei’e we are dealing 
with the mammals, and the only deduction from them is that of 
Oldfield Thomas in 1895^, made at a time when the mammals 
of the islands and of Sumatra were so little known that it must 
be regarded as scarcely more than a venture. 

Thomas considered that the Siporan mammals collected by 
Modigliani did not show the very slightest special relationship 
to Sumatra, and therefore that the West Sumatran Chain might 
be the remnant of a long peninsula or island, similar in shape to, 
but sepamte from, the Malay Peninsula or Sumatra. Such 
indications as tliese were suggested that the mammals, like other 
animals, showed a general similarity throughout the chain from 
the Nicobars to Christmas Island. 

We do not yet know the faunas completely of course, but we 
know them fairly well ; well enough — especially the mamrSals — 
to say to-day that but little similarity, except in the broadest 
sub-regional sense, exists between the mammals of the various 
island groups. Though some of these groups passess mammals 
subspecifically related to each other and to Sumatran forms, on 
the other hand the presence of several peculiar species not yet 
found, nor likely to be found, elsewhere is surj)rising ; while 
very noticeable is the inequality of the various island faunas, 
some being, rich, some extremely impoverished, some slightly 
dififerentiated, some Very peculiar: yet they are mainly 
8umatran« « 

A ^tudy of the faunas and of hydrographical charts now shows 
that during their mammalian history the various islands never 

♦ Ann. Mna Civ# 0«a. (8«) xiv. 1895, p# 863. 
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all formed part of one vanished peuinsula, never formed part 
of a vanished island, that they never were all connected with 
Sumatra at the same time, and that some of them perhaps were 
never connected with a main island or continent at all. 

As a matter of fact, the West Sumatran Chain illustrates in 
a very interesting and clear manner the results of different 
environmental conditions: and in the following short discussion 
I have included the Andaman and Nicobar islands, as their cases 
are parallel and they stand in much the same positions towards 
Indo-China as do certain West Sumatran Islands to the not 
very different subregion Malaysia. 

There is given, to begin with, a hydrographic chart of parts 
of the western sides of Indo-China and Malaysia showing 
contour lines of 40, 100, and 500 fathoms, as these border the 
subregions between Burma and Java ; and the positions of the 
various islands are shown within them. 

To speak more precisely of the seas which separate the islands 
from the mainland and Sumatra ; — 

Between Burma and Preparis Id. are depths of 33 fathoms. 

„ Preparis Id. and the Andamans occurs a sounding 
of 150 fathoms, and there may well be greater 
depths. 

„ the Andamans and Nicobars are depths of about 
450 fathoms. 

„ the Nicobars and Sumatra are depths of about 800 
fathoms. 

,, Sumatra and the Simalur Ids. are depths of more 
than 200 fathoms. 

„ Sumatra and the Baiijak Ids. are depths of less than 
35 fatlioms. 

„ Sumatra and the Nias Id. are depths (via the Banjak 
Ids.) of less than 100 fathoms. 

„ Sumatra and the Mansalar Id. are depths of less than 
20 fathoms. 

Sumatra and the Batu Ids. are depths of less than 
25 fathoms 

„ Sumatra an<l the Mentawi Ids. are depths (via the 
Batu Ids.) of about 100 fathoms. 

„ Sumatra and the Engano Id. are depths of about 
450 fathoms. 


Or, to put it another way :* 


Preparis Id. 

in 

33 fathoms 

Banjak Ids. 

>1 

35 „ 

Mansalar Id. 

>» 

20 „ 

Batu Ids. 

ff 

26 „ 


* Excluding the unknown little ielete of 
water. 


are shallow- water islands 
^ inside the 40-fathom 
line. 

Simoek and Bo^o, which lie in deeper 
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Nias Id* in —100 fathoms 
Mentawilds. ,,+100 „ 


are medium* water islands 
inside the 150*fathom 
line. 


Andaman Ids. in +150 fathoms' 
Nicobar Ids. „ ±450 „ 

Simalm Ids. „ +200 „ 

Engano Id. „ ±450 „ 


(Are deep * water islands 
inside the 500-fathom 
line. 


(As nearly as they can be obtained from existing charts : but 
the soundings are inadequate where they are most needed; in 
particular to the north of the Andamans, between the Simalur 
Ids. and Sumatra, and between the Batu Group and the 
Mentawis.) 


Taking the islands by groups, an analysis of their mammals • 
produces the table attached (pp. 802-805). I have endeavoured 
to trace the forms which have been described fi oni them bino- 
mially or trinomially, with a local regard only, back to their 
original species in the interests of clarity and conciseness t. In 
most cases a group has l>een credited by mammalogists with a 
separate race on each island within it ; in few cases has the same 
subspecies of terrestrial mammal been recognizeii from two or 
more islands in a group ; and in scarcely any case is the same 
form, except among bats and commensal rats, recorded from two 
groups 

♦ Vide:-’ 

Thomas, tom, cit, s«»ra, pp. 660-672 (Sipora Id.). 

Lyon, Ann. A Mag. Nat. Hist. (8) i. HM)8, pp. 187-140 (Ratu Ids.). 

Miller, Proc. U.S. Nat. Mus. xxiv. 1908, pp. 761-796 (Andaman and Nicobar 
Ids.). 

Lyon, Pipe. U.S. Nat. Mns. lii. 1916, pp. 467-462 (a list of all the mammals 
obtained on the West Sumatran Islands between the years 1901-1906 by 
W. L. Abbott and C. Bodeu Kloss : with a bibliography). 

Thomas, Ann. A Mag. Nat. Hist. (9) xiu 1928, pp. 691-693 (Simalur Id.). 

t It should be said that my idea of a species is vei'y comproliensive. Many 
mammalogists will not accept my treatment, for instance, of the Paradoxures of 
the Mentawi Group as subspecies of P. hermaj)hroditus, but would consider 
P. lignicolor to be a species with two subspecies. Nevertheless, however differen- 
tiated li^nieolor and tiheru now are, it is still obvious that they are derived from, 
or are linked to, P. hermaphroditust and art not of independent, unknown, or 
other origin, 

Tlie time for quadrinomials to express diffei*ent degrees of rslationship is not yet, 
or 1 would write of the West Sumatran Islands* palm-civets ; — 

Simalur Id. P. hermaphroditna harmaphroditus parvus, 

Mentawi Ids. P. hermaphroditna lignicolor lignicolor, 

P. hermaphroditna lignicolor aibim, 

Eiigano Id. P. hermaphroditna hermaphroditna mganenaia, 

J The rats of the Andamans and Nicobars are only tentatively referred to species, 
as so long a time has passed since I helix^ to collect them that I am uncertain of 
their affinities; hut from Mr. G. S. Milleris descriptions (loc, cit, anpra) the 
minority are races of Mattn^ rattna, A form of Mna mnacnlna has been introduced 
into the Andamans. . 



MAlDtALS OF THE ANDAMAN-ENGAHO ISLANDS CHAIN (Micbochiropteiu excluded). 

[Distribution of the species elsewhere :—L= Indo-Chinese Subregion (including Burma and Tenasserim). 
M = Malay Peniusula. S = Sumatra. J=Java* B=Borneo. 



Aretogalidui. 

trimrgatay 




• Jiaeaea neme$irina andamanentis : introduced from Burma. f Possibly present in a truly wild state. Vittatui section. * 



OF THE AHDAKAN^ENOAHO ISLAHDS CHAIK (Miciiochiiiof«*a excluded)~€wrf»«.g 

[EfetributiOTi of the epecies elsewhere I=lndo-Chinese Subregion (including Burma and Tenasserhn). 
M=Ma!ay Peninsula. S=Sumatra. J=Java. B=Borneo.1 



Hattiu wUteheadi,] whit«headi\ 

%r on: 



Rattus eremori- 



§ section. 
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Omitted from the table are Preparis Id. in the north and 
Christmas Id. in the south. The first is in shallow water : ita 
mammals have not been sufficientlj investigated, but a crab- 
eating Macaque {M, irus) and a Sciwrua occur. The last is an 
oceanic island surrounded by seas of over 5000 fathoms : rats, a 
musk-shrew, and bats are its only mammals. 

Scrutiny of the table shows how* variable is the mammal fauna 
of the Andaman-Engano Chain, and frequently how little in 
common have two adjacent groups. The mammal faunas of the 
deep-water islands — Andamans, Nicobars, Simalurs, Engano — 
are extraordinarily poor, and consist largely of units that may 
have been introduced — such as the Macaques, the palm-civets, 
the pigs, the musk-shrews, and some of the rats; even the 
Nicobar Tupaia *is difficult to account for in any other manner, 
though now a very distinct animal. The Nicobars are the only 
deep-water islands known on which Tupaiidte occur : sea-depths 
of 800 fathoms separate them from Sumati-a, while had 2\ g, 
niooharica arrived from the north over what is now a 450-fathom 
strait we ought to find the genus in tlie Andamans. Conditions 
in the latter suggest that they are more deeply separated from 
Burma than the few soundings indicate. All the above islands, 
relevant to their present faunas, may never have been connected 
with Burma or Sumatra at all. 

The shallow-water coastal islands — the Banjaks, Mansalar, 
and the Batu Ids. — are essentially normal save that the first 
possesses, as far as «4s yet known, the unique murine genus 
Lenothrix ; while hitherto the only small island on which Ptilo- 
cercus has been found, except Pulau Pinie in the Batu group, is 
Great Karimon Id. on the east coast of Sumatra (where it also 
occurs on the larger Banka Id.). 

It is when we consider the medium-water islands that interest- 
ing comparisons arise. The fauna of Nias is rather poor, but 
normal for its surroundings : it is a somewhat accidental and 
modified fauna owing to the sea-depths in which the island 
stands, and appears to liave been derived from Sumatra via a 
bridge that included the Banjak Ids., though several terrestrial 
species occur that have not been taken in the latter (and vice 
versa ) : all, however, are present in Sumatra. It has races of 
Megachiroptera that have not been met with anywhere else. 

Tlie Mentawi Group is in several respects truly abnormal. 
It has a distinct genus of langur (Simias) not known elsewhere ; 
distinct species of gibbon and langur that cannot be referred to 
others; a form of Macaca nsmestrina^ a species not usually 
found on small islands ; remarkably distinct subspecies of Fara^ 
doxurus hermaphroditiis ; a representative of Hemigah derhymms^ 
another animal not known from small islands ; a local race of 
Cervus unicolor ; three members of Sduropterus ** allied to 
Sumatran animals, but a genus (a. g.) not known in any form 
from the rest of the chain ; a race of Lariscm niobe ; an endemic 
squirrel (Seiurtis melanogaster) and Mcmis jawmioa. None of 
these have been found in the ]^tu Islands which represent anjr 
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bridge that may have led from Sumatra. In common with the 
former and with Sumatra are Tupaia glu^ Sciurue lovdy Itattua 
mrifer, and Raitus sahanua. 

On the other hand, the group has no crab-eating Macaque, 
generally so ubiquitous ; no Muntjak or Tr<igulu8 ; no wild pigs (?) ; 
no Petauriata ; no representative of Batufa or Beiurus notatua^ 
Sciurus tenuis, or Croeidura or Porcupine, or of several other 
Sumatran species found in t)ie Batu Ids. {q. i?.). So though we 
can trace the derivation of part of its fauna from Sumatra, there 
are many anomalies that we cannot explain. 

Of the volant mammals of the chain, we can only regard the 
fruit-bats, or Megachiroptera, as at all well known. Of these, 
one group (or species as I prefer to call it), Pteropus 7mlanotus, 
is confined, though unevenly distributed, to the chain under 
discussion, including Christinas Island (one medium- water, three 
deep-water, one oceanic island). Ju Malaysia the presence of 
Pteropus vampyrus^n such islands as Nias and Sil>erut is unusual, 
though it inhabits the North Natuna Group : its occurrence in 
the Andamans anti Nicobars is very doubtful. In islands of these 
kinds it is generally replaced by P, hypomelanus, which is not 
found on the continent or on any of the large land-masses. 
Nias has evolved two well-inarketl forms of Cynopterus con- 
spicuous for their large size, not yet met with anywhere else, but 
related to Sumatran animals. 

To sum up: — The shallow-water islands are quite normal for 
their situation, for Lenothrix, known from one example only, 
is so rare, or of such a habit, that it may well occur elsewhere 
and liave been missed. The impoverished terrestrial mammal 
fauna of the deep-water islands, to which the Andaman Group 
may later actually prove to belong hy<lrographically (as it does 
faupistically), is also normal : even of the few mammals they 
possess, some may have arrived fortuitously. Of the medium- 
water islands, Nias is fairly normal, Arctictis being perlmps the 
only unexpected terrestrial species, with Manis (also occurring 
in the Mentawi Group). All have deriveil their land mammals 
from the adjacent continental areas — Indo-China and Malaysia. 
The Mentawi Islands are abnormal : they are continental, and in 
part their mammals are related to those of Sumatra ; but there 
are some which are suhspecificall}' extremely distinct, ai d yet 
others which appear to be strictly endemic. The only outstand- 
ing feature of all the islands as a whole is the presence of the 
Pteropus rnelanotus bats, which are confined to the Andaman- 
Christmas Island Chain. This single common factor will not 
support the postulation of a bygone continuous land-area, of 
which this long chain of islands is a relic. 

The Andaman-^Christmas Island Chain does not form an inde- 
pendent subregion, but is part of Indo-China and Malaysia, 
which (when their bowlers lie in the sea) are everywhere bounded 
by a contour-line of 100 fathoms. Some of these islands, which 
lie in greater depths and not upon the Sunda Shelf, and these 
only, are naturally somewhat aberrant. 
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II. SYSTEMATIC. 

1* Hylohates klossu ^ 

2. PithscuB poUnziani potmz%a/iii. 

3. Pitheem pot&ntiani sibBru, subsp. n. 

4. Simiaa concohr concolor. 

5. Simiaa concolor niberu, subsp. n, 

6. ParadooMi'ua hermaphroditua lignicolor, 

7. Paradoxurtbs hermaphroditua aiberut subsp* n. 

8. Nemigalea derbyana aipora^ subsp. n. 

9. Vervua wnicolor ooaanua^ subsp. n. 

10. Pethiomya lugena, 

1 1 . lomya horafieldi aipora, subsp. n. 

12. Hylopetea aurantiacua. 

1 3. Sciurua melanogaater rmlanogaatar, 

14. SduTua metanogaster subsp. n. 

15. Sciurua louni fraterculm. 

16. Sdurua lowii sibaru, subsp. n. 

17. Lariacua nwhe obacurua, 

18. Lariacua niobe aiberu^ subsp. n. 

19. Rattua aahanua aiporanua. 

20. Rattua aurifa* pagensia, 

21. Rattua rattua mentawif subsp. n. 

22. Rattua rattua diardi, 

23. Tupaia glia chryaogaater, 

24. Tupaia glia aiberu, subsp. n. 

25. Pteropua hypomelanua anganua^ 

26. Pteropua vampyrua malaccenaia. 

27. Cynopterua angulatua. 

28. Mcbcrogloaaua minimua fraternua^ subsp. n. 

29. EmbaUonura monticola. 

30. Myotia muricola. 

31. Kerivoula hardrmckii e'ugana. 


III. ACCOUET OF THE CQLLECTIOIT. 

1. Hylobatbs KLOSsi (Miller). 

Symphalavgua Miller, Smith, Misc. Coll.xlv. 1903, p. 70, 
pis. xvii.-xix. : South Pagi Island. 

Sipora : 1 cJ , 1 ? . 

Siberut ; 6 cJ , 2 $ . 

On the general configuration of the skull this gibbon could be 
referred to either Hylobatea or Symph^sdcrngua, It resembles the 
latter in that the mandibular symphysis is rather more vertical 
than in the typical gibbons, but in the rounded form of the 
occipital region its affinities are with Hylobatea, 

The skull is relatively narrower, especially in the mastoid 
region, than in other gibing. 
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As in the members of both genera, the second and third toes 
are partially united, but not to the same extent as in Symphor- 
langus, and only slightly more so than in some examples of 
Hylobates miiUeri, gabrielli, and lor. The general character of the 
pelage seems to agree with the gibbons : but they vary consider- 
ably in this respect ; and this is no doubt a character, like colour, 
to which too much importance must not be attached. In most 
of the typical gibbons we have examined the hair on the outer 
side of the forearm points towards the wrist : in the siamarig it 
points to the elbow. 

Among the Mentawi animals tlie two Sipora specimens liave 
the hair pointing towards the ellK)w as in our siamangs, but in 
the Siberut series the hair on the distal half of the outer forearm 
points towards the wrist. 

A mounted topotype from the Pagi Islands has the hair of one 
forearm pointing towards the wrist and of the other towards the 
elbow. 

None of the Malaysian Hylobates is entirely black, but a 
parallel case to klossi is provided by hamamts of Hainan. 

The well-clothed throat and the characteristic gibbon ‘‘song’^ 
in both sexes of klossi are the chief reasons why we place it in 
the genus Jlylohates 

Elliot’s statement (Rev. Prim. iii. 1912, p. 180) that klossi “is 
a very small form of the siamang, differing from it in no respect 
save in size ” is as incorrect as his statement on p. 176 {t, c. s.) 
that this species possesses a laryngeal sac. 

The difference in the digital webbing in Symphalangus and 
Hylobates (in which latter genus it is subject to a great deal of 
individual variation) is one of degi*ee only. 

The differences in the direction of the hair on the forearm are 
bridged by the Mentawi animals. The jaw of klossi is also inter- 
mediate, the profile of the chin and ascending ramus being 
less vertical than in the siamang, but more so than in the 
gibbons. 

There is nothing in these characters on which generic differ- 
ences can be based, and there remain therefore only, in the 
siamang, greater size, the bare throat, and the laryngeal sac 
which produces the different voice. These also do not seem to 
us to be of more than marked specific value. We feel therefore 
that there are insufficient grounds for treating the siamang as 
the type of a distinct genus ; but had our opinion been otherwise 
we should have placed the Mentawi animals in Hylobates and not 
in Symphalcmgtis, 

(For measurements see p. 810.) 

* Dr. W. L. Abbott’i schoonor * Terrapin’ anchored ofT the Pagi Islands one 
afternoon in 1902 ; and 1 well remember the astonishment with which we heard at 
sunrise next day the undoubted cries of gibbons from the forest of these small 
islands. Nobody who has heard the voice of both gibbon and siamang can possibly 
mistake the two.--C. B. K. 
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2. PiTHBCUS POTEKZUNI POTB3NZIAKI (Bonap.) 

SerYmopitheme potenziani Bonap. Oomptes Bendus^xHii. (1856) 
p. 412, note; Thos. 1895, p. 663. 

Bipora : 3 cJ , 2 J . 

We select Bipora Island as the type-locality of this monkey, 
which we must regard as a species since we cannot ally it with 
anything previously described. 

Blyth, with coloured drawings of the co-types before him, said 
that the young was wholly pale ferruginous : Blanford, who saw 
the specimen, records it as wholly rufous- white or pale isabelline: 
Elliot describes it as yellow. 

A juvenile animal taken from the breast on Bipora Island is, 
it is intei^sting to note, far more like the Siberut form than its 
own parents, ft differs from P, p, aiheru in having a little grey- 
white on the crown and hind limbs, the lower side of the tail 
greyish-white for two-thirds the length basally, rufous on the 
shoulders, and in being less blackened on the lower side of the 
trunk. It would seem therefore that P. p. siheru is the more 
primitive form. 

Two faded mounted specimens from the Pagi Islands (1902) 
do not appear separable. 

Blanford (Faun. Brit. India Mamm. 1888, p. 38) and Elliot 
(Rev. Prim. iii. 1912, p. 67) both say that Bonaparte’s descrip- 
tion is insufficient, though the latter uses Bonaparte’s name for 
this monkey. Thomas (1895) considered the name valid. We 
have not seen Bonaparte’s reference, hut if it is inadequate, the 
next name available seems to be Preshi/tes chri/sogaster, Blyth 
in 1875 (Juurn. Asiat. Boc. Bengal, xliv. part ii, extra number, 
p. 10) issued a description under this name from coloured 
drawings supplied by Peters which were subset juently published 
in 1879. 

“ Face black, lips dusky-fleshy.’^ 

(For raeasiirernents see p. 812.) 

3. PlTHECUS POTENZIANI SIBERU, subsp. 11. (PI. I.) 

7'gpe — Adult male (skin and skull), collected on Siberut Island, 
West Sumatra, on 13th September, 1924. RaflOles Museum, 
No. 2005. , ' 

Cf^racters , — Like Pitheciis poie'nziani potenziani^ but with the 
rufous uuderparts of that form I'eplaced by black or dull brown. 

• It i« difficult to know wlmt generic name to use for these monkeys. In 1895 
Thomas selected Simia vster for the typo of PUkeeutt and, as it was even generically 
indeterminable, consigned Pithscus to the “limbo of unrecognisable names.’* 

1(1 1915, Lyon regarded this action as final under the International Code of Zoo- 
logical Nomenclature, and to support the validity of Thomas’s action re-selected 
vtUr as the type of Pitheeua. 

In 1916, Thomas reversed his opinion and revived Pithecua because he ffelt able 
then to determine generically 8, tater as some sort of langur or other. 

The first generic name for the langurs and lotongs about which there is no 
possible doubt whatever is Pygathria (B. Geofiroy, 1813; typo 8, nammta Linti.). 



Pithecus poienziani potenzimi (p. 81 1). P. potenziam aibem (p. 811). 
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Colour. — Upper parts, limbs, and tail glossy black. On the 
neck, shoulders, and mantle the hairs have the basal two-thirds 
grizzled with ochraceous-buff, but this is rarely apparent unless 
the pelage is disturbed. Forehead (narrowly), sides of the face, 
and throat white, tipped with black on the throat. Underparts 
between tawny and ochraceous-tawny (type), but all the hairs 
strongly tipped with black, which gives the appearance of a 
blackish wash. A median area on the chest darkest, being 
frequently broadly black. A white pubic patch. 

“ Face black, fading to dusky fleshy round the mouth.” 

Skull aud teeth. — Very like P. p. pot€nzian% but the zygomatic 
breadth less; the two series are, however, badly matched as 
rega,rds age. 

Measurements. — Bee p. 812. 

Specimens examined. — Tlie type and four others, all from 
Siberut. 

Remarks. — This is a good but variable form, separable at sight 
from p. potenziani by reason of its blackened underparts. There 
is never any approach to the bright colouring of P. p. potenziani. 
While the colour of the abdomen of the more brightly coloured 
examples of siberu is tawny, the dullest Siporan animals are 
ferruginous below. 


4. SiMiAS OONCJOLOR CONX'OLOR Miller. 

Simifts comolor Miller, Smith. Misc, Coll, xlv, 1903, p. 67, 
pis. xiv.-xvi. South Pagi Island. 

Sipora : I d* , 3 $ . 

We have little to add to Miller’s very complete description of 
this remarkable monkey. 

The al)ove specimens seem similar to our topotypes of concolor 
when allowance is made for a small amount of fading in the 
latter, which were collected in 1902. 

The darkening of the hands and feet, as mentioned in the 
original description, is almost imperceptible in all but the male, 
in which the feet are conspicuously darker than the deep brown 
of tlie hind limb. A profile sketch of the face made by Kloss 
from a specimen in the flesh does not differ materially from his 
photograph published by Miller (loc. cit.\ but the nose is perhaps 
slightly more prominent and retrousse, 

“ Face, hands, tail, and callosities black.” 

(For measurements see p. 814.) 


5. SiMIAS CONCOLOR SIBERU, subsp. D. (PI, II.) 

JVpe.— Adult male (skin and skull), collected on Siberut Island, 
West Sumatra, on 25th September, 1924, Ka-flles Museum, 
No. 2085. 

jDiagnosw*— like S* concolor from Sipora Island, but darker^ 
Peoo. Zool. Soc.— 1927, No. LIV. 64 
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especially on the rump. The limbs almost concolorous with the 
black hands and feet, and much darker than cion-' brown. 
Underparts fuscous-black and very distinct from the paler under- 
parts of c, coiicolor. 

Measurements , — See p. 814. 

Specimens examined , — One male (type) and two females, all 
from Sil[>erut. 

Remarks , — Although we cannot separate our single normal 
female fi'om Sibenit from three obtained in Sipora, the char- 
acters presented })y the type, an adult male, could scarcely be 
within the range of individual variation, and we feel sure that 
here is another case of a species with its darkest race in the 
northern island. 

Tile skulls of the Siberut females though shorter are actually 
broader than those of the Siporan females : at the same time 
they are somewhat older. No com}>ari8on is possible between 
male skulls, as the Siberut animal is much less aged than the 
otln-r. 

No. 2011, a female, is a handsome cream-coloured aberration. 
The wbol<^ of the uppei- parts and outer side of the limbs are 
civam-buif, washed on tlie nape, shoulders, and mantle with rich 
tawny, whicdi latter colour is continued narrowly half-way down 
the median line. Uuderparts between cream-buff aiid ivory- 
yellow, very slightly brownish on the flanks and abdomen. Fore- 
arm, bands, and feet almost white, the blaekenecl skin clearly 
visible througli the hair. Fame black, tail greyish-black, nails 
white. 

It may be iioteil that the type series of Shnias concolor 
contained two crt?ain-buff varieties from small islands off South 
Pagi. 

6. Pahadoxurus iieiimaphroditus lkjxicolor Miller. 

Paradoxnrns llgnicolor Miller, Smiths. Misc. Coll. xlv. 1903, 
p. 44, pis. iv., V. North Pagi Island. 

Sipora : 1 d , 1 2 ; 1 d , 8 J juv. 

On description thtjse specimens appear to he lignicolor : both 
the adults have the tail rather lighter than the botly, but in the 
young animals this is not so. The skull and teeth differ from 
those of h. hennaphroditm in precisely the cliaracters given by 
Miller for lignicolor — viz., the in ter pterygoid space is narrower, 
the nasals are flat {>osteriorly, the teeth are larger, and the inner 
lobe of the upper sectorial is longer, the width of the palate 
being reduced. 

In one adult (No. 2367) a median dorsal line is faintly visible, 
and in certain lights it is possible to trace the lateral stripes and 
spots of hxrmap^iroditns in both the immature skins. P, lignicolor 
appears to he only a well-marked subspecies of hermaphroditus^ 
but its likeness to P, aureus Ouv. of Ceylon should not bo 
overlooked. In that island P. aureus seems to have the same 

54# 



PtM-adoxurus hermaphroditus lignicolor (p. 815). P. hermaphrodUus aiberu (p. 81 7). 
Hernigalea derhyana stpora (p. 817). 
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distribution as 1\ A. typas *, and therefore is probably a species 
distinct from it. 

The tails of tlie Mentawi animals are shorter in proportion to 
the body-length than those of tl»e tyj>ical Paradoxurns, Phillips 
(‘ Spolia Zeylonica/ xiii. 1925, p, 161) says the same of aureus. 

(For measurements see p. 816.) 

7. PaHADOXUHUS HBRMAPHROniTUS 81 BEBU, subsp, ri. 

Type. — Juvenile male (skin and skull), collected on Siberut 
Island, West Humatra, on 25th September, 1924. Raffles Museum, 
No. 2090. 

Charmiers, — Like liguicolor of Sipora Island, but noticeably 
ligliber on t(ie upper sui-face, and the tail very conspicuously 
lighter than the body. P. lignicolor from the Pagi Islands has 
the tail lighter than the body (‘‘belly and tail huffy through- 
out”). In the present form the tail is very different from any 
other part of the body. 

Colour. — ra,wny-olive above, ligliler in tone than Ugnicolor 
(Sipora). No darkened median line and no trace of spots. Under- 
parts and inner surface of the limbs buffy. The tail much lighter 
than the rest of the body and betweetj cinnamon-buff‘ and clay- 
yellow. 

IS hull a ad teeth. — Oompared with the Sipora series the bullre 
are proportionately marked ly larger. 

Measurements. — Seep. 816. Dentition: dm. 1-4. 

S2>ecimens examined.- -One, the type. 

Hetuarks. — Were it not for the fact tlmt we have for compari- 
son two juvenile examples of the Sipora animal, which, judging 
by their external measiirements and cranial characters, are 
almost identical in age with the Siberut s]>ecimen we have made 
the type of this new form, we should scai-cely have ventured to 
dcvscribe it as new. As it is, the differences are too strong to be 
ignored. 

8. Hkmigalea DERBY an a sipoha, subsp. n. 

Type. — Adult male (skin and skull), collected on Sipora 
Island, West Sumatra, on Ist November, 1924. Raffles Museum, 
No. 2890. 

Characters. — About the size of H, hardtoickii or perhaps a little 
smaller, but greyer and darker with marked cranial differences. 
Differs from //. minor Miller, of the Pagi Islands (Smiths. Misc. 
Ooll. xlv. 1903, p. 43, pl.iii,),in having the dorsal hands not wider 
than in haxdwickii and the nuchal stripes well defined. 

Colour, — Upper surface and the sides of the limbs bnffy-grey, 
the very pale buff tips to the hairs producing a frosted appear- 
ance. Dorsal markings black, well defined, and exactly as in 
hardwiekii except that the stripes on the head are a little less 

* Yiverra niffer Doom. (1^20) is prooccnpietl by Vlverra niger P«ale Is Beauvais 
(1796), ParadooBurus Ouv, (1821; Pondicherry) is the succeeding uame. 
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distinct (not because they spread, but because they are on a darker 
ground). Underparts brownisli-buff, the liairs all tipped with 
whitish-buff. Tail black except for two basal rings and the 
proximal half of the under surface, which are greyish-biiffy. 

Skull and teeth. — In size similar to some examples of hard- 
'wickii^ but differing in practically the characters noted by Miller 
{1. c, s.) for mino7\ Audital bullae smaller and less dilated ; 
interpterygoid space narrower and longer ; the postorbital con- 
striction greater and much better defined. It may also be added 
that the palate is narrower. There appears, however, to be 
little if any difference in the size of the teeth. 

Measurements. — See p. 816. 

Specimens examined. — One, the type. 

9. Oervos unicoluk oceanus, subsp. n. 

2'ype . — Two antlers, with frontal bones and other parts of the 
cranium attached, obtained on Siberut Island, West Sumatra, in 
September 1924. Kafiles Museum, Ko. 2427. 

Diagnosis. — A race of C. unicolor chfiracterised by small size. 

Measurements of type. — Circumference of antler above Imrr 
140 (143) * ; length of antler along convexity of curve 333(310) ; 
burr to tip of brow-tine along convexity 215 (83) ; tip of ajdcal 
tine to its angle with main trunk of antler 107 (8(^); meclian 
circumference of pedicel 106 (102); internal height of pedicel 16 
(17); median frontal suture 97 (86). 

Specimens exammed. — The type and a fawn (skin and skull) 
from Siberut and one pair of antlers from Sipora (October 1924). 

Remarks. — I’he Siberut antlers arc* ohlei* and more voin than 
those from Sipora, from which the velvet Las only recently been 
lost. We have compared them with a man her of Malayan 
examples in both conditions and of approximately equal size, 
and we find that the pedicels of the Mentawi animals are much 
shorter and stouter. 

Examination of a series of some seventy Malayan heads shows 
tliat lighter horns and long slender pedicels belong to }oung 
animals, adult and aged animals having heavy horns and short 
stout pedicels. 

It is reasonable to conclude, therefore, that the Mentawi 
specimens are full-grown animals representing a small race : 
furthermore, the frontal bones are sliorter, often miicli sliorter, 
than in young Malayan stags. Cerrus nnicolor brooki Hose, of 
Borneo, has also a long frontal and long slender pedicels when 
young. C. kuhli M. h S., from Bawean Island, 8ava Sea, is a 
small animal, but has notably long pedicels. 

The fawn is of the usual foxy-red colour with a broad dark 
stripe down the spine. 

* Measurements are in millimetres ; those in parentheses are of a set^ond pair of 
aiitleis fiom Sipora. 
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10. Pktinomys luoens (Thomas). 

Sdm'opterus lugena Thos. 1895, p. 666 : Bipora. 

Sijx)ra; 7 c? , 13 ? . 

We have li^le to add to Thomases description of this flying 
squirrel beyond noting that of our series it would not be accurate 
to say *** of Ji uniforudy dark colour above and below.” The 
uuderpai’ts are very scantily clothed, but the hair itself is mostly 
of a bi'ownish-sinoky colour, brownest on the throat. In some 
specimens tlje distal portion of the hairs are brown, but even in 
these the underjMirts are never so <lark as the upper parts, and 
are best described as smoky- or daik slaty *grey. 

Examples in fresh pelage are very dark above (brownish-black) 
with only a faint tinge of brown. Those in worn condition are 
quite brown in places, this being particularly noticeable in 
“ bleache<l ’* examples at the root of the tail. 

Three specimens show a short, faint, white streak on the 
middle line of the breast ; in one there is a conspicuous white 
patch about luilf an inch broad, and in yet one other there is 
a large white patch of about 100 by 50 mm. The others are 
immaculate below. 'Uhe juvenile is exactly like the adults. 
There are three pairs of inguinal mamma*. This squirrel probably 
represents a smallish l<x?al form of P. hayens (Jent.), from Deli, 
N.E. Sumatra, but we have not seen this last example. 

(For measurements see p. 820.) 

11. lOMYS IIOKSFIELDI SIPOEA, SUbsp. n. 

Type.— Adult male (skin and skull), collected on Bipora 
Island, West Bumatia, on 13th October, 1924. Kaffles Museum, 
No. 22 13. 

Characters . — About the size of /. h. datrlso^iiy but on account 
of its very dark coloration not requiring close comparison with 
any other known member of the genus. External structural 
cliaracters as in davisoiii, but the tail scarcely distichous. 

Colour. —Cheeks, upper surface, and tail brownish -black, the 
base of the pelage slaty. The outer sides of the limbs and body 
and the meinbianes grizzled with buff. Underparts light slaty- 
grey, the hairs of all parts except the throat being tipped white 
or very pale buff, pro(lucing a silvered or frosted appearance. 

Skull , — Longer and relatively narrower than that of daviaoni^ 
and owing to the much less inflated condition of the mastoid 
region, the posterior portion of the cranium is actually much less 
broad and square. 

Measurements , — Bee p. 820. 

>^pecimens examined . — Tlie type and one other from Bipora. 

liemarks . — This squirrel bears a most striking superficial 
resemblance to Petvnomys Itigens^ but close comparison of the 
two species reveals many differences. /. h. sipora has larger, 
broader ears which also lack the marked concavity on the outer 
margin ; it is without the long hairs on the cheeks and aural 
region and the feet are much less robust. 



Petinomys lugens (p. 819 ). lomys korsflMi sipora (p. 819 ), 
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The second example obtained is an immature female. It 
difi'ers from the type in having the whole of the flanks, thighs, 
and the upper surface of the ptirachute grizzled. 

12. HyLOPETKS AUftANTIACUS (Wagl.). 

Sduropterua aurantiacus'i Thos. 1895, p. 668. 

Sipora : 1 $ . 

We follow Thomas in referring this small flying squirrel of 
Sipora to aurantia.cv8 (Wa;^!.) of Banka. Jn dimensions it also 
agrees with Sciaropterna mamnuB Miller (Proc. U,S. Nat. Mus. 
xxxi. 1906, p, 264 : Kundur Id., lihio Archipelago). 

The single immature specimen obtained has the skull damaged, 
and the measurements ot length are not precise. 

Collector's external nieaBurenientB — Total length 300 ; lieadand 
body 140; tail 160; hind foot 30; ear 17. 

Cranial measure n tents * — (heatest length 37 ; condylo-basilar 
length 32*5; basilar length 29*4 ; palatilar length 16*7 ; diastema 
9*2; nasals 9*9x5; interorbital breath 8*2; maxillary tooth-row 
(alveoli) 7*2. 

Colour, — Upper parts ochraeeons-tawny, but the hairs so 
sparsely tipped that the dark slate l)ases show throiigh practically 
everywhere. Feet dark. Underparts buff, the dark basesS of the 
hairs on the undersides of the limbsand aluiornen showir»g through 
and causing these parts to be tinged with grey. Oh(‘eks, throat, 
chest, and mesial line orange -hull’; a small white patch on the 
chest. Tail noii-disticlious, dull black, tipped with white and 
washed with smoky-brown at the base. 

While we have little doubt that this sj)ecimeu belongs to a 
distinct race, it is .subadult and represents a form which should 
exhibit a pelage somewhat brighter above. 

13. SCIURUS MKLANOGASTKll MELANOOASTER TliOUias (PI. 111. 
lig. 1.) 

S. melanogaster Thomas, 1895, p. 668 : Sipora Island. 

Sipora : 20 cf ? 16$. 

Like that to be described next, this squirrel is so very unsbible 
that the description of any one example would scarcely suftice to 
represent the iorm. Seen from above, some specimens are much 
colder in tone than others, and some again almost show a tendency 
to rufous on the outside of the thighs. Blackening takes place 
chiefly on the liead. Some, as mentioned by Thomas, have the 
cheeks and ears neai*ly, or quite black ; but in others these parts 
are scarcely dusky. 

The tail may be grizzled exactly like the back, or almost black 
with the grizzling much reduced. In only a few instances can 
it be definitely said that there is no reddish pencil.” The 
underparts are always black ; biit there is a considerable amount 
of variation in the colour, which may be more or less intense or 
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merely smoky, and in the amount of frosting due to the inter- 
mingling of white hairs. 

A point of considerable importance is that in most of the 
specimens of the large series before us a double pair of lateral 
stripes seem present, although they can be easily overlooked. 
The buff stripe is indicated by a more coarsely grizzle<l area 
and the black stripe by an intensification of the colour of the 
undorparts. 

This is a medium-sized animal, quite unlike any other Oriental 
species, but we are inclined to regaid all the large Meiitawi 
squirrels as forms of nigrovittatusy although they are rather 
large, Tliis is admittedly an extreme view to adopt, and the 
new form described below from Siberut is, by itself, scaicely 
recognisable as belonging to the group — tawny-bellied individuals 
being suggestive rather of notatns fi'oin East Java. 

S, atratu8 Miller, from the Pagi Islands, has the two lateral 
stripes much reduced, and the black one in some cases shows a 
tendency to spi’ea.d over the grey belly. In mdanoyaster the 
whole of the iinderparts is usually black, hut the pale stripe is 
still noticeable ; in mentctwi the underparts are largely rufous, 
the })ale stripe is still present, but the dark one is only to be 
noted as a slightly richer part of the i nfous area. 

(For measurements see p. 823.) 

14. SCIURUS MELANOGASTEU MENTAWI, KSubsp. n. ( PI. 11 1. fig. 2.) 

Tifpe , — Adult male (akin an<l skull), collected on Siberut 
Island, West Sumatra, on 16th September, 1924. Ilatfles 
Museum, Ko. 2026. 

Characters, — Nearest to Tbos., of Sipora Islantl, 

from which it difieis in having the underparts wholly oi* in part 
reddish-brown instead of black. 

Colour, — Above grizzled black and ochraceous-buff, lighter on 
the fore limbs and darkest on the tail, where the black predomi- 
nates. The thighs more warmly coloured than the lest of the 
upper parts and almost im2)erceptibly washed witli rufous. The 
head and cheeks dullest (more huffy-grey). Feet huffy. Under- 
parts light reddish-brown. On the flanks an indi.>tinct bufiish 
stripe from axilla to thigh, beneath which a sliglit darkening of 
the red dish -brow* 11 underparts possibly indicates a second lateral 
stripe. 

SkulL — Essentially as in S. m. melanogaster. 

Measurements, — See p. 823. 

Specime7i8 examined, — Seventeen males and twenty-seven 
fernfdes from Siberut Island. 

Bemarks, — The large series l>efore us agrees with the type in 
having the tail noticeably darker than the rest of the upper 
parts. A rufescent pencil is evident in the majority. The feet 
may be light or dark. On the underparts tlie forty-four speci- 
mens are roughly divisible into three series. Thirteen agree 
with the type in being completely reddish-brown ; fourteen have 



Sciurus melanogasUr vielavogaster (p. 821), S. melanogaster mentaici (p. 822). 
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a large black or dusky patch on the chest, varying in size and 
sometimes extending to the throat and sides of the body, herein 
presenting a most interesting condition midway between typical 
metUaiJoi and mtlanogasier ; and the others practically agree with 
the type, but show some darkening of the reddish-brown of the 
chest : these phases are irrespective of sex. In no case could 
animals from Sipora and Siberut be confused. 

15. SciURUs Lowii FRATERCULus Thomas. 

S, jraterculus Thomas, 1 895, p. 669 ; Sipora. 

Sipora : 8 d* i 5.$ . 

The series shows such a large degree of individual variation in 
the colour of the underparts that it would be almost impossible 
to use Thomas’s original desciiptioii as a means of comparison. 
The measurements given by him for his typical series are small, 
and those given b}’' us below show that there is no diflFerence in 
size between examples from Sipoiti, Siberut, and Pagi (pumilus 
Miller). The upper parts are remarkably uniform, but the range 
of variation below is considerable. Some specimens are strongly 
tinged with ochraceous from chin to vent ; others have the chin 
and throat whitish. The grizzling of the flanks extends in most 
cases over the underparts, and in one specimen the whole of the 
uuderparts, except the head, may fairly be said to be grizzled 
slaty and buff. The hairs are always slaty at the base, 

(For measurements see p. 825.) 

16. ScitJRUS LOWII SIBEIIU, subsp. B. 

Type, — Adult female (skin and skull), collected on Siberut 
Island, West Sumatra, on 22iul Septeml)er, 1924. Raflles 
Museum, No. 2056. 

CharcLcters, — Like f rater cuius of Sipora, but with the under- 
parts never strongly hufly or ochraceous. This is particularly 
noticeable on the throat, which in fraterculus is frequently rich 
ochruceous-buff. 

Colour, — Uppei’ parts, tail, and outer surface of the limbs 
finely grizzled buff' and black, very uniform, but the buff slightly 
warmer on the posterior part of tlie body and on the tail. Inner 
sides of the limbs and underparts whitish, purest on the throat 
and the centre of the abdomen and sullied with grey, owing to 
the bases of the Jiairs showing through on the flanks and inner 
sides of the limbs. 

Skull aiid teeth , — Exactly as in fraterculus. 

Measurements, — See p. 825. 

Spedimns examined , — Fifteen, including the type. 

Remarks, — As in S, fraterculus, the Siberut series is also 
variable below. One specimen is almost entirely white, others 
are faintly washed with buff, and in some there is a large amount 
of grizzling. Broadly speaking, six of the series agree with the 
type ill having the whitish colour pi'edomiuate below; the other 



Sciurus lotvii fratercidus (p. 824), S, loioii siberu (p. 824). 
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nine are largely ftuffusetl or darkened with grey or brownish* 
grey, and some are not distinguishable from selected specimens 
from the Sipora series. None of the Siberut specimens shows the 
conspicuously ochraceous underparts of five in the Sipora series. 
The differences are, however, at the most average ones, and in 
some cases we should not care to identify individuals subspeci- 
fically. It can be said that while the two series overlap the 
extremes are most distinct. 

S, piniertsis and S* halce* from the Batu Islands seem on 
description rather different animals. 

17, Lakiscus niobe obsoubus (Miller). 

Funamhvlus ohscurus Miller, Smith. Misc. Coll. xlv. 1903, 
p. 23, pi. i. : Soutli Pagi Island. 

Sipoi’a : 1 6 d' , 1 4 J , 

Two species of this genus of ground-squirrel are known from 
Sumatra and the west coast islands — uiohe and insignis. These 
have recently been discussed at length {ride Ilobinson and Xloss, 
Journ. F. M. B. Mus. viii. part 2, 1918, p. 37). As they occur 
side by side they must be regarded as species. 

L, insifptis (Sumatra) has the upper parts brighter and lighter, 
the underparts distinctly whitish, and large*!’ bullce. 

£. niohe (Sumatra) has the upj)er parts duller and darker, the 
underparts, greyish and smaller bnlhe. 

No ground-squirrels of this genus were obtained by Modigliani 
on his visit to Sipora, but two forms have been described by 
Miller from the West Sumatran Islands. 

X. rosiratus (Miller, Siinth. Misc. Coll. xlv. 1903, p. 24) from 
the Batu Islands seems from the description to be a form of 
msignis. As it has tlie underparts and inner surface of the legs 
cream-buff and the black stripes well developed, it does not 
reqtiire comjmiison with the specimens befoi-e us. 

i. obscurus (Miller, tom. cit. p. 23, pi. i.) from South Pagi is 
said to h.xve the dark lateml stripes obsolete and the underparts 
iron grey : it is a niohe form. 

We have a topotype of ohscums, but it was mounted in 1903, 
and it is difficult to say to what extent it has faded. 

For the present, therefore, we record the Sipora Lariacus as 
ohacurm^ with the description of which it agrees fairly well. 

Miller’s original description is not quite clear in one particular. 
For the characters of the Pagi form he gives “ dark lateral stripes 
obsolete,’* and the type is dpscril)ed as “ lateral stripes reduced to 
mere dark shades too indistinct to be measured or to have any 
definite colour ” ; but later this author states of the lateral stripes 
in four specimens out of seven, “ nearly as well developed as the 
median stripe.” His type was apparently an extreme, and not a 
typical example of the series. In the whole of our long series 

* Miller, Smiths. Misc, Coll. xlv. 1908, p. 14. 
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we find that all three black stripes are readily distinguished, 
although not conspicuous and by no means comparable with 
those seen in the various forms of insignis^ or in the typical 
niobe* As a series tliese specimens are surprisingly uniform 
above. The median line of tlie belly may be quite white, and 
the extent of this colour on throat and chest is very variable. 
Both this form and that next to be described differ from n. niobe 
(specimens examined from ICorinchi, Sumatra) in their darker 
upper parts with less distinct stripes, less coarsely grizzled tail, 
and grey-white (non-buffy) underparts. 

Both the Mentawi Larisctcs have the skull-length in excess 
of that of niobe of Sumatra (vide Journ. F. M. S. Mus. viii. 
part 2, 1918, p. 41). 

(For measurements see p. 828.) 

18. Lauiscus niobe sibeiiu, subsp. n. (PL IV. fig. 1.) 

Tjtpr ., — xVdult male (skin and skull), collected on Siberut 
Island, West Sumatra, on 24th September, 1924. llafiles 
Museum, No. 2074. 

Diagmsis. — A form of niobe closely resembling the Siporan 
ohsenrus^ but with tiie black stripes absent or scarcely apparent. 

Colour, — Above a s’ery fine grizzle of black and light ochra- 
ceous, the muzzle ami cheeks slightly greyer. Tail like the back, 
but the black predominating. Feet dark. Unilerpnrts and 
inner .sui face of the limbs grizzled iron-givy, becoming whitish 
on the chest and median line of the abdomen, tlm white varying 
in extent as in ohscionis. 

Skull and teeth. — As in L, w. ohscurus (Miller). 

Measurements. — Hue p. 828. 

Specimens examined. — Seven males and seven females from the 
type-locality. 

Jlemarks — Although only differing from the Sipora form in a 
matter of degree, tlie Siberut animal is recognizjible at sight, and 
side by side the series are very distinct. Looking down on the 
series, three of the males show indication of stripes, but only 
one as much so as the least heavily marked of the Sipora 
specimens. In otliers the markings have quite disappeared. 

Mammae : 3 pairs. 

19. EArrus sabaxus siporanus (Thomas). (PJ. IV. fig, 2.) 

Mtis siporanns Thos. 1895, p. 670: Sipora. 

SipoPa: lOcf , 5 $ . 

Siberut : 1 d* ^ 2 $ . 

These specimens agree well with the oiiginal description of 
siporanua. Sometimes there are dark isolated patches on the 
median line of the throat and abdomen, and these may fuse to 
form a long, narrow, median line on the underparts. The distal 
portion of the tail is always white. In two specimens the white 
areas are 100 and 140 mm. long. Seen from above the series 



Lariscus niohe ohscurus (p. 826)* L. niobe siberu (p. 827), 
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is very variable, some individuals being much more blackened 
than others : the palest animal is scarcely darkened at all except 
on the top of the head, a limited area on the rump, and the 
extremities of the limbs. 

The dirty rufous-brown stain noted by Thomas is present in 
some, but this appears to be irrespective of sex : the two most 
strongly stained examples are females. 

W e cannot separate specimens from the two islands, but the 
series are very uneven. Tlie three from Siberut are within 
the degree of nigrescence of the six darkest Hiporan animals and 
darker than the rest of the latter. It seems possible that if we 
had a large series from Siberut, all would prove dark, and there- 
fore indicate a distinct race. Miller has separated the Pagi 
Island form m 80ccat%t8 (Smiths. Misc. Coll. xlv. 1903, p. 30) on 
account of the huffy non'rufous element of the upper paints. 
Mamnia» : 2 pairs pectoral, 2 pairs inguinal. 

(For measurements see p. 830.) 

20. Kattus surifer pagensis (Miller). 

Mu 8 jiagensU Miller, Smiths. Misc. Coll. xlv. 1903, p. 39; 
South Pagi Island. 

Mm rajah Thos. 1895, p. 672. 

Sipora : 8 cj , 9 § . 

Siberut ; 1 1 d , 28 2 * 

The spiny-backed rats from the two islands appear to us to be 
insejiarable, and on description to be pagensis, 

Tlie series is large and admirably dernonstmtes the variability 
of characters frequently considered as of diagnostic value within 
this group. Com para ti\ ely speaking, the animals are very dark 
and uniform above, some being blackened from the muz7.1e to the 
root of the tail, although these, like the majority, still retain 
the tawny colour on the sides of the body and upper surface of 
the limbs. Normally, however, the dark saddle contracts to a 
narrow area on the rump, wdiich is tawny and concolorous with 
the thighs. The great majority have a bi-oad brown collar across 
the throat, but in some specimens there is not the slightest, sign 
of a collar. The white of the underparts usually runs along the 
thighs as a narrow streak, becoming obsolete before reaching 
the heel, but in others the thighs are entirely brown. In a few 
examples the white is continuous, but by no means distinctly so, 
with tlie white of the hind foot. The tail is markedly white 
beneath, but the dorsal surface is invariably dark, and there is a 
universal absence of a white tip. No. 2013 (Siberut) has the 
pelage entirely white: tail bicolored, ears dusky, eyes black. 

E, ravus (Rob. & Kloss*) from the Sumatran mainland is 
more brightly ochraceous, the tail light-tipped, and the collai* 

^ Joum. Str. Br. Roy. Aftiftt. Soc. Ixriii. 1916, p, 272: Korinohi Peak, West 
Sumatra. 

pROO. ZooL. Soc. — 1927, No. LT. 


55 



Mattus sahaiius siporantis (p. 827). R. sfihrifer pag€y\8is (p. 829), 


880 


F. N. CHASEN AKX> C, B. RL08S : 


•«3IJiiaia}x 

1 j s r r r s a 5 

< 

r a s r s a s s D s 



C» Ol $3 <N 01 O'! CO H 0 Q 
OOlOICMfflC^&ICMOie^ 

ssaiisgssg 

*-*COCp'v4pQO*^»^»^ 
040tC4 0lCM^O(OIOIO1 


•q^lpweaq 

CO *H »H (» 

CO 1> QD 5; OP 00 <ib ] CD 
Ol940aG«^l»09 01 ' W 

(M Ip 9 a ^ <p 

oieioioie904^o^9«04 


's(Bs»ti pauiq 

-UIO0 JO tp{)80Vj] 

^ ® ^ ^ tp ^ 1 p 

»bcOCOO^^«COOQO 

IH U3 01 

1*0 to to to to to to UO CD CD 


•ip4Sn0| 
l«S 8 U uiinwj^ 

pJ 17 H oa 00 Ip Tfi ^ w 

■w 01 ce CO w 4ft ecu’o 01 

G4^010l0)03»03 040) 

Htto-ft oa-^^osQO pi 
aoxdDoaaiQodoQacoo 

rHf,irHtH|*(p>Hr4*HrHr+ 

"tf 

... . ^ , ,, 

•Binnimoj 
pr^tqBd jOTpitnaq 

06 03 CO 00 «H ^ 

QDaoaoaDaooow^Obb* 

CO to eoJK 

44 

02 

•MOJ 

jiqoui .wdd;\ 

W3'«tf(KMOOaOD (NSC 

6 o 66666 c *^6 

tp p> n 1 ;;^ r-t 



rM «•+ Oa U3 Jt> 

lO ^ to ^ CD 1*0 1*0 CO CD 

9 ^ ^ *r* <30 

W M 01 so CO w 01 eo (N CO 


aT?|iSBq-op(puoj 

«H3ap*»pC67^p>DS 

to fH c 5 oa pi to to 



«;-• p: pi 1 -H « G6 (M 

•'0 0 jf» 00 c5 » ca or 0 CD 

to CO »0 *0 CD »0 »0 to CD to 

eo CO to a 


‘i\V^ 

coi'«*'.cc+«.coaot>.cr' 

01 Cl 01 Ol 051 01 01 03 CO 01 

*-t«tteo''tHt'^lcoeoi 

01 o» oi 01 01 01 1 0 * 01 1 1 

! 


• 400 J piUH 

10 

(Ncc^ff-oioieiici'^ 
lO >0 «0 to to to to lO IC to 

«2S32S2|s2S5{3 i 


*l"M 


•.Cpoq pu« puefi 


•X0g 


'O . 


Ju5«C!|«D»»hcO I a 
S wecec coeocc w ' eo 


o 0:1! 
? «c c ‘ 


O *00+0 


sgfcsiKSffgg : 


g2$8§§g§2S 


*0*0*00+0+ *0*0*00+0+- 


3 = 

« 

^ • . 

te 

s 


I ® 


'S 

I 


e 

t 

i» 


I. g 


k 

i 

0? 


i. 

cc 




SPOLIA HENTAWIBNSIA, MAMMALS. 


831 


genei‘a]ly very bright and distinct; oatdlifer Miller ♦ from Man- 
salar Island is another form with a white-tipped tail. The forms 
from the Bittu Islands a.i‘e bright and coarsely speckled t. 

Mammae : 2 pairs pectoral, 2 pairs inguinal. 

(For jneasnrements see p. 830.) 

21. Rattits rattus mentawi, subsp, n. 

Type * — Adult male (skin and skull), collected on Sipora 
Island, West Suuiatra, on 10th October, 1924. Raffles Museum, 
No. 2198, 

Characters. — A rather coarsely grizzled rat differing from 
lageitst of North Pagi I-jland in smaller size and apparently 
lighter colour, and from nimubers of the sinialurensis section in 
the possession of grey and not buff underparts. 

Colour. — Back and si<les grizzled black and ochraceous-buff, 
lightest on the sides ; long black hairs of the upper parts irides- 
cent. Outer side of the hinbs and flanks hair-brown. Under- 
j>.>rts smoky grey ; an indistinct collar and median line of the 
c 1 \ est br-occoli - 1 iro w n . 

Ifetcsure.inents. —See p. 832. 

Spt^ci/itms erajuiiiSfl . — Twenty males and fourteen females from 
Sipora ; one male ami one female from Siberut. 

Remarks . — 'Phe type is the largest of the long series before us, 
none of wliich attain ii skull-length of 5 1*4, as in the type of 
hujens. 

Oiie aberrant specimen (No. 2289) is uniformly brownish-black 
above and very tiark grey below; several others, apparently in 
fresher pelage, are darker above than the type. 

We eanuot separate the two Siberut specimens from those 
collocled on Sipora. 

Miimma* : 2 pairs pectoral, 3 pairs inguinal. 

22. Rattus rattus diariu (Jentink). 

Sipora: 3d'. 

Siberut : 1 2 . 

Maninue : 2 pairs pectoral, 3 pairs inguinal. 

A house- rat, probably introduced. 

( For ineasui’einents see p. 832.) 

23. Tupaia olis chrysogastbu Miller. (PI. V. fig. 2.) 

T. chrijsogmier Miller, Smiths, Misc. Ooll. xlv. 1903, p. 58 ; 
North Pagi Island. 

T. ferruginea kypochrysa Thomas, 1895, p. 665. 

Sipora: 8d, 11 2 • 

* Proc. U.S. Kat. Mu«. xxvi. 1003, p. 464 x Mansalar Island, West Sumatra. 

t B. pinacut Miller, ' Proc. U.S. Nat. Hus. lit. 1616, p. 460, Pinie Island; 
JR. mabalm idem, ibid. p. 449, Tana Masa Island. 

X Miller, Smiths. Misc. Ooll. xlv. 1903, p. 88. 
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In 1895 (/. c, 8.) Thomas described a golden>chested Tupaia 
from Java as ht/pochri/sa, and identified with it two females from 
Sipora, stating, however, that their tails were greyer than the 
type of his new form. Later. Lyon in his monograph of the 
TupaiidsB (Proc. U.8. Nat. Mus. xlv. 1913, p. 79) placed two 
Sipora specimens with chrpsogaater describe from the Pagi 
Islands. 

(The inclusion of Nias in the range of chrgsogaeter in the key 
given by Lyon, torn, ciL p. 39, is no doubt a slip, as no mention 
of this island is made elsewhere under chryaogaater,) 

Mammee : 1 pair only (median). 

(For measurements, see p. 834). 

24. Tupaia glis siberu, subsp. n. (PI. V. fig. 1.) 

Type, — Adult male (skin and skull), collected on Siberut 
Island, West Sumatra, on 22nd September, 1924. Kafiles 
Museum, No. 2058. 

iHagnosis, — Like T. chrysogaater from Sipora, but duller; the 
neck stripe and grizzling of the upper parts nearer tawny-ochra- 
ceous than ochraceous rufous. 

Skull (I ml teeth, — Essentially as in chryeogaater, 

MeuauA'ementa , — See p. 834. 

Spechmna e^mminecL’^The type an<l three others, all from 
Siberut. 

liemarka, — Thi.s is a good form, recognisable at sight, although 
not strikingly difleient from the Sipora animal. The under- 
parts are witliin the range t)f chryaogaater^ but no specimen in 
the small series reaches tlm brilliancy of colour attained by some 
of the nineteen fi*om Sipora. 

Ik 

25. Pteropus hypumelanus enganus Miller. 

Pteropus enganus Miller, Proc. U.S. Nat. Mus. xxx. 1906, 
p. 822 : Engano. 

Pteropus hypomelanus Tiiomas, 1895, p, 664. 

Sipora : 4 d , ^ . 

Siberut : 1 d . 

The measurements of this series agree closely with those given 
by Andersen (Oat. Chir. Brit. Mus. 1912, pp. 108 and 112) 
for enganus, forearm 121-133*5 mm. Furthermore, we have 
examined two topotypes of enganua, and although these are not 
in the best of condition, we can perceive no difference between 
them and the Mentawi material. 

F, h. aimalurua Thomas (Ann. Mag. Nat. Hist. (9) xii. 1923, 
p. 592), fi'om Siinalur, is another form belonging to that section 
of hypomelmim having the crown and sides of the head generally 
similar in' colour to the back, but it is laVge, with a forearm of 
141-149 mm. 

The mantle shows considerable variation in colour, but it 
should be noted that three specimens not marked as adult agree 



Tupaia gits chryaogmter (p. 831). T, glia aiberu (p. 833).' 
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among themselves and differ from the remainder in linvin^ the 
mantle ochraceous-buff*, whereas in the others it inueii rieiier, 
near chestnut. 

(For measurements see p. 835.) 

26. Pteropus vampyrus malaogensis K. And. 

J^teropus vampyrvA Thomas, 1895, p. 664. 

Sipora : 2 cf . 

This species has been hitherto unrecorded for the West 
Sumatran Islands. One of the specimens is in every respect 
a normal malaccensis^ but the other has the rostrum, teeth, 
palate, and in ter pterygoid space much narrower than usual. 

( For measurements see p. 835.) 

27. CYNOPrERUS ANGUi*ATUS Miller. 

Cynopterua marginatna Thomas, 1895, p. 664, 

ISipora: 2 cf, 1 $ ; 19 specimens in alcohol. 

Siberut ; 2 cf , 2 $ . 

A small Cynopterua was described from North Pagi by Miller 
(Pioc. Biol. Soc. Wash. xix. 1906, p. 62) as pagettah^ but 
Andersen (Cat. Chir. Brit. Mus. 1912, p. 613) re<hices this name 
to a synonym of angulaiua, Andersen examined paratypes of 
pagenais and also two specimens from 8ipora. 

The small series of skins before ns shows the wide rang© of 
colour usually seei» in these small fruit-bats. 

The specimens in alcohol all have the long forearm of angu- 
latua, 

(For measurements .see p. 837.) 

28. Macroglossus minimus fraternus, subsp. n. 

T'ype, — Adult female (skin and skull), collected on Sipora 
Island, West Sumatra, on 25th October, 1924. Raffles Museum, 
No. 2342. 

Diagnoaia . — Like M. rn. sobrinua^ but larger. Forearm 49-52 
(42-48*5) t; skull, lambda to gnathion 31*6-32*9 (28*5-29*5); 
rostrum 12-13 (9*5-10*5); mandible from condyle 25*3-26 
(21 •2-22*7). 

Meaaurementa. — See p. 837. 

Specimens examined, — Two adults (including the type) and 
on© juvenile from Sipora ; one adult from Siberut. 

Remarka, — As M, m. aohrinua is larger than AT. m. minimus 
of Java, so this form is larger than sobrinus of the Malay 
Peninsula, Sumatra, and Java. 

The juvenile is rather duller or darker in colour than the 
adults of the small series before us, in only two of which can we 
detect that the head is very slightly darker than the rest of the 
upper parts. 

* Andersen, Ann. Meg. Nat. Hist. (8) vii. 1911, p, 842. 

t Measdveinants in parentheses are those given for aobrinua (Anderson. Cat. Chir. 
Brit. Mns. 1912, p. 787). 



Cynopterus avgulatus (p. 836). Jfacroglossm minimus fraternus (p. 836). 
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No. 2042 was noted by the collector as having the membranes 
and feet a darker bi'own than the ears and back, and No. 2240 as 
brown throughout with the finger-boues crimson. 

The specimen recorded from Nias as sohrinus by Andersen * 
is immature and may belong to the present form. 


29. Emballonura monticola montjcola Temminck. 

Emballonura semicaudata Thomas, 1895, p. 695. 

Sipora: 1 d* (skin); 4 specinmns in alcohol, 

Siberut : 27 specimens in spirits. 

These bats seem identical with a series from Pahang, Malay 
Peninsula {E, jmmisularis Miller, Proc. Acad. Nat. 8ci, Phil. 
1898, p. 324). In colour the skin agrees very well with the 
description given by Miller iov peninsular is. The collector notes 
that one specimen had the throat brighter thnu the rest of the 
underside. I’lie large series in alcol)ol agree.s closely in dimen- 
sions with those recorded below. 

(For measurements see p. 839.1 


30. Myotis MURICOLA (Gray). 

Sipora : 1 d ^ 2 5 (in alcohol). 

These three specimens may represent J/. abbotii Lyon (Proc. 
U.S. Nat. Mus. lii. 1916, p. 441) from North Pagi Island. 

They were noted by the collector as being blackish-brown, 
black, or dark brown above ; and black (or paler) below, with 
the hairs tipped with whitish. Wing- membranes black. 

(For measurements see p. 839.) 


31. Kebivoula harbwickii exgana Miller. 

Kerivoxda engana Miller, Proc. U.S. Nat. Mus. xxx. 1906, 
p. 825 : PuIhu l)ua, Engano. 

Kerivoula hardwickii Thomas, 1895, p, 665. 

Sipora: 1 5 ad., 1 juv. 

Siberut: Id imm., 2$ ad. 

Kerivoula enga/na, forearm 33-34’4 mm., was described as 
being larger than hmdwickii of Java, which {fide Thod. & Wr. 
P. Z. S. 1900, p. 382) has the forearm 31-33 mm. The fore- 
arms of our adult series are 33, 35, 36 mm. The measurements 
of the skulls before us are also in close agreement with those of 
the type of eiigaria, and thus, on size, the Mentawi animal seems 
to belong to the Engano race. 

No. 2072 of the present series was noted as dark brown abov#^ 
paler brown below. Nos. 2073 and 2017 were stated to be 
blackish- brown above, witli the hairs of the underparts tipped 

* Cac. Cbir. Brit. Mm. 1912, p. 761. 



mra monticola monticola (p. 838). Myotia mtirijcola (p. 838). 

Kei'ivovUt hardiHckii mgana (p. 838), 
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^40 

buf[y or albesoo&t* Membranes black. The juvenile was duskj 
or black above, slightly grey below, mostly on the median line 
and abdomen. 

(For measurements see p. 839.) 

EXPLANATION OP THE PLATES. 

PlJLTE I. 

^ith«eut potenaiani fiberu. 

Plate II. 

SimiaB concolor tiberu, 

Plate HI. 

Fig. 1. Sciurus welanogaster melanogaHer. 

2. Bciurua meJanogaster mentawi, 

3. Sciurus welanogaster atratua, 

Plate IV. 

Fig. 1. Lariscus niohe aiheru. nat. size. 

2. Jtatttis sabanut siporanua, ^ nat. size. 

Plate V. 

Fig. 1. Tupaia glii aiberu, 

2, Tupaia glia ckrgaogaater. 
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42. Field Observations on Spider Mimics. 

By Major U. W. G. Hinoston, I.M.S., F.Z.S. 

[Received October 14, 1927 : Read November 1, 1927.] 
(Text-figures 1-10.) 

Many spiders live with and mimic ants. The inimiciy benefits 
the spider in two ways. First, it gives p!*ote<.*tiou to the mimic 
by concealing it in the midst of tlie ants. Second, it has an 
aggressive value; for many of these mimics, at least in India, 
habitually attack and feed on their models. The ants, therefore, 
both protect their mimics, and at the witne time supply them 
with food. Numerous examples are met wdth in India. This 
paper is a study of their habits and behaviour, in so far as 
concerns their relationship with the ants. Only by such obser- 
vatioiLS made in the field can we understand the purpose that 
mimicry fulfils. 

I am much indebted to M. Louis Fage for examining my 
specimens of spiders, ft is difficult to identify small tropical 
8pider.^\ In many cases the genus only can be estab]ishe<l. Such 
identifications, however, as are given in this paper, have, at 
leaal, the support of M. Fage’s uuthoiity. 

Observed at Ff/zahctd iti Central India. 

The large Indian black ant, (^ampmioias covipr^essiis, is one of 
tlie most common insects %>£ the plains. It nests on tlie ground, 
usually at the foot of a iai-ge tree. Workers are continually 
issuing from the nest and ascending the tree to explore the 
branches. The mimic of this ant is a M yrmarachtie^ probably a 
new species, and very near M. hi f areata. 1 have found it on the 
fig, the dhak, the mango, and other tribes, keeping company with 
the worker ants. 

A few remarks on points of anatom ic4il resemblance. The 
mimic is the size of an intermediate worker. It is of the same 
uniform black colour atul slemler elongated shape. Model and 
mimic have squarish hea<l.s the same arched tyj>e of thorax, the 
same long slender legs. Each has a narrow constricted waist, 
in eaeli the abdomen is uniformly oval and has a bright super- 
ficial gloss. The pedipalps of the mimic, when bent beneath its 
head, look very like the ant’s jaws. The most interesting 
feature in the resemblance is the way the spider simulates 
antermsa. In ants the antennse are conspicuous organs, thrust 
out in front and kept continually in motion. The mimic employs 
its front pair of legs in order to simulate the antennae of its 
model. It does not use thbm.for ordinary progression. They 
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are tlirust forward, bent into a right angle — in fact, made to 
occupy a position similar to that of the ant’s antennas. More- 
over, their tips are kept continually in motion, a striking feature, 
for it is not just an aimless movement, but rather that methodical 
swaying motion so characjteristic of Cmrbponotxi^ ants. I defy 
anyone, when watching this mimic and particulai’ly observing 
these false antennse, not to be amazed at this wonderful resem- 
blance between the mimicking spider and the ant. 

These mimics live on the open foliage and construct silk 
shelters in the hollow of leaves. Their habits are as ant-like as 
their structure. The w-orker ants, as a rule, move quietly 
through the foliage in a steady searching kind of way. When 


Text-figure 1 . 






Ant. CamponotHB cotnpresBus F abr. 
Spider. Myrmarachne ap. 


alarmed, however, they rush about excitedly. The mimic also 
simulates these motions exactly. Its oixliriary progression is 
steady and even. But the moment it is disturbed its behaviour 
changes. Then it assumes the bustle of the workers, simulates 
their rapid jerky gait, perhaps darts for safety underneath a leaf 
or escapes by a sudden spring. The ants are giaded into different 
sizes, a fact which is clearly advantageous to the mimic by 
enabling it to simulate different castes at successive stages in its 
growth. Another habit of Camponotm ants is to erect the 
abdomen at right angles to the body and walk about with it 
thrust into the air. And this same peculiar attitude is some* 
times assumed by the mimicking spider. 

This close resemblance in the l^haviour of mimic and model 
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has been observed in the case of other species of Camponotus, 
Pocock makes mention of a spider-mimic almost indistinguish- 
able from the female of Camponotua opiieiveniria. The ant moves 
by a series of rushes and pauses, and this peculiar mode of pro- 
gression is imitated closely by the spider. Messrs. Myers and 
Salt refer to a Olubionid spider wliich mimics Camponotiia 
planatuB in Cuba. They point out that the gait of the spider is 
indistinguishable from that of the aiit; also that the spider uses 
its first pair of legs for the purpose of simulating the ant^s 
antenuBB. 

This close resemblance both in structure and l)ahit must be of 
protective value to the mimic. But 1 have notes that suggest an 
aggressive function. These mimics lie in ainbusli for the ants. 
Waiting for a chance, they sit quietly on a stem or conceal 
themselves in clefts between tlie leaves. They will not atiack a 
vigoronas ant : rather they jump back if one approaches, lint if 
the mimic can get in an advantageous position it will make a 
sudden povince on its model, throw it on its back, and grij) it by 
the neck, if the ant is examined immetliately afterwards it will 
]>e found to be paralysed but not <pnte dead. Poison has been 
injected bv the mimic, probably into the cervical ganglion of the 
ant. Hence the aggressive value of the luimicrv. It enables 
the mimic to mix with its models and to pounce on them without 
being seen. 


OhnerveAl at Ff/:tahad hi Central India, 

i\mponolm paria is another widespread species in India. It 
dillers distinctly fiom <\ compressm^ being slio^'ter, more stumpy, 
and covered with a silky gloss, it fretjuents vegetation and nest-s 
on the ground. 

Its mimic is a species of VastaneAra, Like most of those 
mentioned in this paper, it belongs to series 2 of Mr. Donis- 
thorpe’s classificjition, that is to those species which hunt and 
prey on ants ami are generally found outside and in the neigh- 
bourhood of the nests. 

The resemblance in anatomical structure is not nearly so close 
as in the last example. I'here is one point, however, of special 
signihcaiice. (7* cotnjyreamis is uniformly black ; C. paria is covered 
witli a silky lustre, spvea<l evenly over the thorax and in greyish 
rings around the abdomen. The same clifferonce applies to the 
mimics. I'he oompressus mimic is glossy black ; tliere is not a 
trace of fur. The jt>aWa mimic has a silky covering, somewhat 
patchy, but very like the fur on its mo<lel. On the tliomx it is 
spread fairly evenly, but arranged in bands on the abdomen quite 
like the rings round the abdomen of the ant. 

Now for tim ofifensive value of the mimicry. At sunset these 
ants retire to the formicary. They move in a slow methodical 
stream. This is the opportunity for the mimics. At sunset 
they grow active, hunt about with greater eagerness, ascend 
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RtemS) explore under leaves; many emerge from hiding-placea 
beneath debris and prowl about close to the nest. All the time 


Text-figure 2. 



Ant . Ca mpon of us pana Emery . 

Sj)ide». Casfaneira tiji. 


they are on tlie watch for a worker-ant that has straggled ftoni 
the main stream. A chance ofiers. There is a suthlen rush. 
The ant is seized, carried off", and the body-fluid is sucked out. 

Observed at Fyzahad in Central India, 

Tl»o red ant is extremely common. It is a tree-haunting 
species, nesting in the foliage, and despatching columns along 
the branches and down the trunk of the tiee to the ground. 

Two quite difierent species of mimicking spiders are frequently 
seen in the company of these ants. Sometimes they move in the 
midst of the columns ; at other times they explore the foliage or 
debris at the foot of the trees. The species are Amycima forti- 
ceps or a closely -allied species, and a species of Myrmarachne 
very near M, pl^taLeodes Cl. 

My remarks refer to A ,fmdicep8. The anatomical resemblance 
between this mimic and its model has been carefully described 
by Pocock. The point of particular interest is that at the end 
of the spider^s abdomen are two conspicuous black spots, while 
there ^e no such spots at a corresponding position on the abdo- 
men of the ant. Their place in the scheme of mimicry has been 
explained by twisting the spider round so that its tail corresponds 
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to the atit*8 head and the two black spots to the ant's eyes. 
Pi^ock writes : “ The high and rounded cephalothorax of this 
spider represents the abdomen of the ant, the waists of the two 
correspond, and the long, constricted abdomen of the spider with 
the large black spots at the end, imitate the thorax, head, and 

Text-figure 3 (a-c). 



(a) Ant. (Beophylla tmaraffdina Fabr. 

(t) Spider. Ampci<M ep. ; aud (e) Hfprmaraehne «p. 

two eyes of the ant. Thus the posteiior end of the spider corre- 
sponds with the anterior end of the ant, an anomaly, no doubt, 
connected with the habit, so characteristic of the Thonusidsa, of 
znonng sideways and backwards with almost greater facility and 
frequency than forwards.” 

Pltoo. Zoon. Soo.--^l»27, No. LYI. 56 
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This Bxpktiation may be the correct one* I did not know of 
it when I met with these mimics^ and at the time made a 
different surmise as to the pui*pose of these black spots. It is 
true that at a corresponding point on the anVs abdomen there is 
nothing to compare with these two black spots. But when an 
(Eoophylla worker is alarmed it ele\^at68 its abdomen, bends it 
over its back, until the under surface is fully exposed. Then we 
notice that on the middle of the under surface of the ant’s 
abdomen is a conspicuous black patch. It is clearly visible from 
behind, but only when the abdomen is raised. Now the spots at 
the end of the spider’s abdomen correspond with this black patch. 
Anatomically they occupy different positions. But the spider 
does not habitually hoist forward its abdomen in the manner so 


Text-figure 3 



Alluring attitude of Am^eiosa, 

characteristic of these ants. Hence, the best attempt at re- 
semblance is secured by having tlie spots at the extreme end. 

I come to some observations on the mimic’s behaviour. It 
haunts the foliage, also the debris underneath the tree. Amongst 
the leaves it makes a silk shelter from which it emerges to 
attack the ants. There is no haste about its ordinary move- 
ments. It crawls about quietly in the same way as the workers, 
its front legs mocking antennae exactly. The ants have a habit 
of exploring the foliage by cmwling around the edges of the 
leaves. The mimic does precisely the same. If disturbed, 
however, its method changes. It hustles about just like the 
ants, and moves, like them, in a quick run. When alarmed, it 
often daits to the under surface of a leaf, or slinks for conceal- 
ment into a crevice, of drops down upon a thread. Its attitudes 
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and gasticulations make the mimicrj complete. The mimic iii 
its prowls makes momentary halts. Up, goes its legs like a pair 
of antennie. It has a knack of bringing them together, giving 
them a particular elbow-bend so as to make them look like ant’s 
antennfe springing from the sides of its head. Their tips at the 
same time are thrust into the air, and head and thorax are raised 
from the leaf. This results in a most unspider*like attitude. 
The front part of the body is erect, the hind part lowered. It 
makes the mimic almost identical with its model, for the red 
ants always assume this attitude whenever they are angry or 
disturbed. 

I hare seen this mimic attacking its models. The spider 
wanders about the leaves, moving circumspectly, watching for a 
chance. It does not care to get into the midst of the workers. 
It hangs along the outskirts of their column watching for one 
that has wandered from the file. An opportunity comes, and I 
see the following act take place : — The mimic climbs on to a leaf 
and halts. Tlien it rftises its abdomen, erects its antennce, and 
thus assumes the attitude of an alai*med ant. A worker 
approaches (and the workers of CEcopkylla have sharp powers of 
vision), it comes on to the leaf, sees the spider in this alarm 
attitude, becomes apprehensive and comes to a halt. This gives 
the mimic a chance. It turns about, runs towards the worker, 
mauceuvres so as to approach it from behind, then advances more 
quietly, and springs back alarmed. Obviously the attack is 
dangerous for the mimic. It makes a second advance, comes 
wanly to the tip of the ant's abdomen, then suddenly with a 
spring throws itself on its model's back. A swift momentary 
tussle follows, and the ant is dead. The mimic then di*ags it 
underneath a leaf. 

We note the part that the false antennae play in these peculiar 
unspiderlike gesticulations. This point seems to me of importance 
with respect to the view, previously mentioned, that the spider 
corresponds to an ant turned the wrong way round. If the 
spider’s abdomen corresponds to the head of the ant, the blrfck 
spots oil it to the ant’s eyes, and the spider’s head to the ant’s 
alidomen, then we can no longer regard the front legs as simu- 
lating antennae for they will be situated at the wrong end. Yet 
nothing is more clear in these gesticulations than that the 
erection, the elbowing, and the quivering of the spider's first 
pair of legs are the very image of the antennie of the ant. 

Thus these mimics live on their models. The mimicry enables 
them to approach their prey. Indeed, their behaviour is a kind 
of lure to the ants. When a red ant halts and elevates its body, 
this implies that it suspects danger, and other ants seeing the 
attitude come to a standstill. The mimic makes use of this 
characteristic. It halts and simulates the alarm attitude. A 
worker, seeing the mimic, takes it to be another ant making the 
ordinary danger signal. It, too, halts. This gives the mimic its 
chance. For when the model is standing still the mimic dah 
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manoeuvre, can work round to the rear of tlio ant, and thus get 
into position for a spring. 

Observed at Fyzcthad in Central India, 

Polyrhachis simplex makes a nest of dc^bris and silk either at 
the foot of, or in the branches of, a tree. It sends columns into 
the foliage which break up in search of Membracids. 

I met with its mimic only once. A nest of these ants was in 
a bush of tamarisk. Near it was a group of four workers trying 
to get juice from a membracid. An inch from them was what 
seemed to be a fifth worker. Not till it moved did I detect it as 
a mimic. Clearly it was stalking the ants. 


Text-figure 4. 



Ant. Folyrhachit simplex Meyr. 
Spider. Myrmarachne »p. 


The spider is a species of MyrmaracJme, Again we see the 
close anatomical resemblance, in size, colour, shape, build, slender 
legs, narrow waist, constriction across spider’s cephalothorax, its 
front legs thrust out like ant’s antennsB, its abdomen covered 
with a silky gloss, which is characteristic of these Polyrhuchis 
ants. 

At intervals the mimic approached the group of workers. It 
crept forward stealthily, opened its jaws, and seemed as though 
about to make a spring. It was obvious that the mimic feai^ 
its model. When an, ant approached, the mimic moved aside. 
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then dodged behind' a stem. Like all these mimics its move* 
ments were wary. At the slightest alarm it rushed into some 
shelter. When not engaged in hunting it kept underneath a 
tent of silk. There is little doubt that it waits for an oppor- 
tunity to spring on an unsuspecting ant. 

The combination of timidity and rapacity in these mimics 
resembles that shown by staphylinid beetles which so frequently 
inhabit the interior of ants’ nests. Myrmedonia and 2\ipinoma 
seem particularly destructive. Wheeler describes how they lurk 
about the nests, capture solitary or disabled workers, or kill them 
at night when they are ovei*oome with the cold. The ants rush 
at them, but the beetles start back, emit a dangerous excretion, 
and escape. The relationship is not unlike tliat between the 
spider-mimics and the «nts. Ants display the same hostility to 
crickets of the genus ^lyrmecophila which live with them on such 
intimate terms in the nest. Wheeler tells how he watched the 
Myrmecophila nibbling at the secretions on the ant’s body, how 
the ant made a lunge at its unwelcome guest, and bow the cricket 
with a spring was far away by the time the jaws of the ant had 
closed. Thus other kinds of guests besides these spider-mimics 
have to keep continually on the alert and he ready in an instant 
to spring into security if approached too closely by one of their 
hoste. 


Ohnerved at Baghdad* 

MeAsor the harvesting ant, is very ahunrlaiit in Meso- 

potamia. It makes a nest in the soil, and moves along paths 
which i‘un V)etween the harvesting area and the nest. 

One evening 1 saw what looked like a deformetl ant moving 
about in the swarm of harvesters. Not till after I had captured 
it did I find that it wa.s a spi<ler which looked very like one of 
the ants, 1 then examined ail the nests in the neighbourhood 
and found that at quite half of iJie nests one or two of these 
spiders were established. 

The mimic belongs to the genus Zodanon. It is about the 
sixe of one of the larger workers. In general build it is stouter 
and more stumpy ; but its legs are long and slender; and its 
dark thorax and glossy black abdomen are the same colour as 
those of its model. Its movements are not unlike those of the 
harvesters hut appear somewhat more hasty. When alarmed, it 
crouches amidst the debris of the nest, lies motionless, shamming 
death, and becomes indistinguishable in the midst of the har- 
vestei^. I seldom found more than one spider at a nest. It 
always lurked close to the entrance. It is the habit of these 
ants to retire to the formicary ns soon as the sun becomes 
uncomfortably hot. When this happens the mimic hides itself 
under the debris. Towards evening the ants again emerge, and 
the numic comes out from its hiding-place to join them. 

In this instance also the mimic devours the ants with which 
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it It dare not attack a vigorous harvester, but it wanders 

about in the vicinity of the nest waiting for a weak or injured 
worker. Probably it gets a favourable chance when the ants are 
torpid (luring cold weather or when they collect in sluggish 
groups before retiring to the formicary at night. A spring takes 
place and the harvester is killed instantly. The capture is then 
C7)rried to some sheltered spot and its juices sucked out at 
leisure. 

The peculiar thing is that the ants are aware of this dangerous 
associate yet permit it to remain amongst them. They clearly 
regard it as an enemy. Single workers repeatedly lush at it, 
but they never make a combined attack. They will fall on the 


Text-figure 5. 




Ant. Metsor harharus Linn. 
Spider. ZodaHon ep. 


spider if they find it helpless, but otherwise they submit to its 
presence* Yet harvesters are not lacking in offensive powers, 
for they frequently combine to drive out other intruders. 

The ants which harbour spider-mimics aie usually of a par- 
ticularly formidable nature. Cuvnponotus is very 

pugnacious and has exceptionally strong jaws, CEc0jihyUa 
smaragdina is notoriously virulent and attacks an intruder in 
large swarms. Sima rufo-nigra^ the red and black tree-ant, is 
fearless, pugnacious, and has a powerful sting. These three 
species ai*e probably the most formidable in India, and each is 
freely mimidked by spiders. This point has been brought for- 
ward by Mr. Green and regarded by him as an indication that 
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the purpose of the mimicry is to give protection* No doubt this 
ie true to a great extent* But it does not apply to this mimic of 
the harvesters. For MesBor barbarua is an exceptionally peaceful 
ant. Its daily business is to carry seeds, and it has no special 
weapons of ofience. 

Observed at Fyzabad in Central India* 

Frenolepie longwornia is a small black ant that commonly 
frequents bungalows in India. Its mimic is very difficult to 
detect, 80 completely is it lost in the Prenohpis swarm. 


Text-figure 6. 



Ant, I^renole^is longicomi$ L»tr, 
Spider. Myrmaraehne sp. 


The mimic is a species of Myrmarachne, When magnified 
as shown in the illustration, it does not look veiy like its model. 
The magnification is shown by the line on the left. Both are 
about the same size; both are constricted in the middle, and 
have long raking legs ; both are of much the same tint of colour, 
though the spider is a little darker than the ant. The chief 
point of diflference is in the bead, for the head of the mimic is 
square and bulky and many times larger than that of its model 
Though not ver^ like when examined minutely, yet the move- 
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of the mimic are so very ant-like that it passes unnoticed 
in the midst of the swarm. 1 have never seen it except in com* 
pany with its modeh usually on walls or foliage or on the trunks 
of trees. It is exceptionidly shy and ag^e, appearing for an 
instant, then darting off in alarm and being lost in the confusion 
of ants. The resemblance to its model is further increased by 
its possessing the habit of thrusting forward its fiont legs and 
making them look like ant's antennse. 

Observed at Fyzahad in Central India. 

When examined minutely we see no resemblance between 
Aphenogaster heccarii and the Micaria. The mimic is somewhat 
smaller than its model. Ill each the scheme of colour is identical ; 
head and thorax dark I’ed -brown, legs distinctly paler, abdomen 
glossy black. 


Text-figure 7. 



Ant. Aphenogaster hecearii Emeiy. 
Spider. Micaria sp. 


Nevertheless, as in the previous example, the spider is very 
difficult to detect. Its actions and movements are so exactly 
ant-like that the absence of anatomical resemblance is of 
much less importance than one might expect. Xhis mimicry in 
habit rather than in structure was noticed by Burchell many 
y^rs ago. Pocock regards it of special interest as suggesting 
that an imitation of ant-movement may have Jbeen the first step 
of survival value toward the production of a perf^t mimic. 



FIELD OBSfiRTATlOKS OK SPIDEK MIMICS. 


853 


Observed at Fyzahad in Cenircd India ^ 

Phidcla indica lives in large communities. It nests on the 
ground and sends out armies which bring dead insects to the nest. 


Text-figures 8 & 9. 



Aiit, JPhidole indica Mayr. 

Spider. Myrinaraohnc sp. and MircarioUpU sp. 


The workers are of two distinct castes, the soldiers and the 
smaller workers. The soldiers ai*e largo, with big square heads, 
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and are oomparaliively sluggish in their movements. The smaller 
workers are slender and more agile, and are many times more 
numerous than the soldiers. 

The most interesting point in this example of mimioi'V is that 
two completely different spiders mimic the separate castes of the 
ant. The mimic of the smaller caste is a new species of Mioario* 
lepis (text-fig. 9). Like its model it is slender with attenuated 
legs. The colours of both are exactly similar ; head and thorax 
reddish yellow, legs pale yellow, abdomen much darker and 
almost black. Its movements, too, are of the small worker type, 
that is, much more agile and energetic than those of the soldier 
caste. Only with the gi^eatest difficulty can it be detected in the 
midst of the swarm. 

The mimic of the soldier is a species of Myrmarctchne (text- 
fig. 8). It is a larger and stouter spider, and about the same size 
as its more bulky model. Its head is square-shaped like that of 
the soldier ; it is markedly constricted between the thoiax and 
abdomen ; its legs are much shorter than those of the Micario- 
lepis mimic, as are the legs of the soldier shorter than those of 
the smaller caste. We also see an identity in coloration ; head 
and thorax reddish, ubdotneii distinctly darker, pale yellow legs. 
Its behaviour corresponds with that of its model. The soldiers 
are slow and heavy compared with the movements of the smaller 
workers. So does Myimiarachne move slowly and witli hesitation, 
making turns alternately to one side and to the other, a peculiar 
mode of progression characteristic of the soldier caste. This 
side-T.o-side movenient is very distinctive. Peckham noticed it 
in mimics of the family Salticidsp, and states that, like the ants, 
they zigzag from side to .side and liold up the second pair of legs 
so ns to siiuulate the ant’s antenna?. Also that wlieii feeding 
they keep np a twitching of the alxlomen, pulling their prey 
about in different directions, beating it with their fore legs, and 
thus simulating exactly the restless movements of the ants. 

Observed at Jhansi in Central India. 

A particularly interesting example of iniiniciT was ol>served at 
the nest of Phidole indica Mnyr One evening in January, 
while the ants were excavating, J noticed two snuill black spiders 
running about on the ejected debris. They were very agile, 
rather globular in shape, and, except for their Vdack colour, did 
not much l esemhle the ants. I am informed l)y M. Fage that 
they belong to the genus Dipmm raid are probably a new species. 

As I i\atche(l the spiders I noticed that, wdien they became 
alarmed, they remained motionless, bent down their heads, curled 
their legs under their bodies, until the only part visible was the 
black pear-shaped abdomen. The purpose of this behaviour was 
evident immediately, for scattered about on the ejected debris, as 
is usually the case with this species of ant, were numbers of ants' 
lieads. These were the deo^pitateii remains of victims. Pear 



FIELD observations ON SPIDER MIMICS. 


855 


t(hU ant drags workers of other species to its nest and throws the 
heads out on the refuse heap. When the spider curled itself and 
remained motionless it looked exactly like one of these iieads. 
By ordinary inspection one could not tell which was the spider 
and urhich the head* The spider was the s»*me black colour as 
the head, and similar in size and shape. Moreover, when 
exiuniried carefully, the spider’s aMornen showed on either side 
a light coloured oval patch. This corresponds with the eyes on 
the head which are bleached white on the empty shell. If the 
antenna? were still attached to the head then, of course, the re- 
semblance would fail, but in the case of these ejected heads the 
antennae have ahvayt^, faPen off. 


Text -figure 10. 



A tit's lii^ad. 

Spider. Dipotna .sp. 


1 have little doubt that the purpo.ve of this resemblance was to 
eiJMble tbeiiiiuiie to live with the ants and give it opportunities to 
<*}ipture them. These mimics appear to be very rare. I carefully 
examined hundreds of nests, but met with tliem only on this one 
occasion. 

This example of mimicry is partieulnrly instriicti\ e. The 
spider does not mimic th<‘ ants witli which it lives, but lather a 
special fmgnient of their ejecte<l dehri.s wliich is cominon and 
conspicuous around their nests. This would seem to dispose of 
the theory whicli attempts to explain the resemblance between 
mimics and models by tlieir being ex].>osed to similar conditions 
in the environment of an ant’s nest. Such an explanation could 
not hold when the spider mimics not the ant but something 
which the ant habitually casts out. 

The Purpose of Ant Miviicry in Spiders, 

Some of the most p€?rfect examples of mimicry are found in 
the resemblances between spiders and ants. Black and white 
sketches do not properly show it. It is the patches of white 
hair or the silvery pubescence or the detailed similarity in scheme 
of colour that make it so very strikii^ in the field. 
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The resemblance may be of value to the spider in- two ways. 
It may be protective or it may be aggressive, or it may be both. 

First, with respect to its protective value. Ants are dominant 
insects, and have comparatively few enemies. In the tropics 
they abound, everywlieve, often congregating in exposed places, 
yet we seldom see them attacked. Moreover, they are aggressive 
and 'vvell armed, and often combine to make tierce assaults. No 
doubt a list of the enemies of ants could be prepared. But these 
would be only occasional depredations. One sometimes sees them 
falling into the pits of ant-lions, different species attack one 
another. 1 have found them in the stomachs of different kinds 
of birds. But, on the whole, they suffer very little persecution. 
One has only to watch a swarm of termites emerge and to see how 
they are decimated by scores of enen»ies in order to realise 
how great is the immunity enjoyed by almost all species of ants. 

Spiders, on the other hand, are persistently preyed on. By 
far their chief enemies are h3'menoptera ami dipt^m Digger 
wasps and mason wasps limit them relentlessly, pursuing them 
under leaves and broken bark, or driving them from tunnels in 
the ground. In the tropics myriads are capturetl in this way 
and carried off to provision-cells. In India, Mi*. Field counted 
ninety-eight spiders in a single cell of Sceli/Jiron cormandelicnm. 
The Peckhatns, referring to this wasp- persecution, express wonder 
that any spiders are left, “ such thou.SJiiids and tens of thousands 
are destroyed by these tremendously energetic enemies.” We 
can best appreciate this destructimi ly recalling their 'defences, 
such as dropping from their webs, simulating death, harmonim- 
tion with inanimate objects, and esjjecially the construction of 
special devices .such as pellets, bands, spirals, zigzags with w’hich 
they blend when seated in their snares. Other enemies are 
parasitic diptera which Bristowp saw picking spiders from their 
webs. Insectivorous birds mu.st destroy tln^m in numbers. I 
have found them in the stomachs of sun- birds and wall-creejiers. 
But 1 fully agree with Poco<;k’s conclusion, that wasps are by far 
* their roost serious enemies, and that wasp- persecution has had 
perhaps a greater effect in moulding and developing the ijtructure 
and pi'otective instincts in spiders than any other factor in 
organic nature.” 

Wasps, on the other hand, rarely attack ants. In fact, they 
show particular aversion to those insects. The Peckhams have 
seen the approach of an ant throw a Pmnpiliis into a perfect 
panic. I once placed an ant in the cell of Rhymhixmn niUduhim 
with tlie result that the wasp was thrown into a frenzy as soon 
as it discovered the nature of the intruder. This being so, it is 
reasonable to conclude that the mimicry has a protective value, 
the protection being mainly from parasitic wasps. , 

Has the mimicry an aggressive function ? The observations 
in this paper support this view. Borne mimica seem to feed 
habitually on their models. They have to do so with care and 
circumspection. The mimic of (Rcophylla is particularly adept. 
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it puts itself into an alluring attitude which attracts the atten- 
tion of its model and gives the mimic an oppoiirtunity to spring. 

Tims the mimicry would seem to serve a double purpose. It 
is protective in that it shields the spiders from Ilynienoptera^ 
aggressive in assisting them to capture prey. Tins type of 
mimicry may therefore be regarded as a “combined protective 
and aggressive resemblance.*’ 

ITow has the mimicry been brought about ? Professor Poulton 
in his ‘Essays on Evolution’ has disciiN-sed this pioblem in all its 
details. He rejects the theory of external causes which holds 
that the likeness between mimic and model cjin he explaiin^d by 
their living in the same environment. Ti)e example of the spider 
mimicking the ant’s ht‘ad supports the rejection of this simple 
theory. For in this ease the lik(*ness is not to the ant, hut to a 
rejected fragment of its prey. Similarity of environment could 
not possibly liave brought about mime*tic resemblance in such 
a case. 

Natural selection is the only tlieory tiiat supplies a compIett‘ 
and sfitLsfactoiy explanation. Prof(‘ssor Poulton has expressed 
himself so clearly on this point that T fpi<»te in full tlu^ following 
paragraph from lii.s pa[HU‘ on “The C.iuse of Mimetic llesem- 
blaTice *’ in vol. xxvi. of t he Journal <»f the Liiinean Society : — 

“ When one inswt resembles an ant by the superficial altera- 
tion of its wliole hody-forin, another l»y tlie modification of a 
shield-liko structure which conceals its unaltered body, another 
by having the slui[)o of an :int painted, as it were, in black 
[ligment on its body while all other p.arts are concealed ; another 
by a further modification of its boily, so that it repres^mts not an 
ant only, hut the o)>ject which the ant is almost always carrying, 
— when the oH’ect of all these results is heightened by appix)- 
priate haluts and movements, we are compelled to believe that 
there is something advantiigeous in the resemblance to the ant, 
and t;hut Natural Selection has been at work. The phenomena 
do not merely disju'ove all other suggested causes of change, but 
they constitiitf3 tin* most powerful indirect, proof of the operation 
of Natural Selection.” 
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Double Malignant Tumour of Thyroid and Parathyroid 
IN AN Otter (Lutra lute a). 
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43. Double Malignant Tumour of Tliyroid and Parathyroid. 
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(Plates I.-II *) 

The neoplasm about to be described occurred in an Otter — 
Luira lutra — from Norfolk, which arrived in the Gardens on 
March 21st, 1925. Early in the following year a swelling in 
the throat was noticed to the right of the mid-line, but the 
general health of the animal appeared to be good. During April 
tliis swelling exhibited a fairly rapid increase in size, and 
by this time had become a large tumour occupying the middle 
and right side of the neck. On May 24th, 1926, death occurred 
suddenly with ^symptoms of asphyxia. 

At the autopsy, performe<l very soon afterwards, a large 
swelling was found situated in the mid-line of the throat and 
the rigut side of the neck in front. The right lobe of the 
thyroid was enlarged and occupied by a gi'owth which measured 
11*5x6*5x3 cm., infiltrating the planes of the muscles of the 
neck laterally, atui terminating below in an abscess cavity with 
necrotic walls (PI. 1, fig, 1 ). This abscess contained fully half-a- 
pint of creamy, blood-tinged pus an<l had involved also the 
muscles externally and, together with the neoplastic mass, had 
thrust the trachea well to the left of the middle line. Section 
of the “thyroid" part of the swelling shows a few breaking 
down foci, and internal to it, partly overlapped by it and partly 
wrapped in it, is a paler swelling the size of a small walnut. 

For microscopical examination pieces of tissue were taken 
from the “ thyroid " portion anteriorly, posteriorly, and laterally 
where the muscles were being infiltrated ; also from the internal 
paler tumour. 

As regards the other organs and tissues, with the exception of 
swelling and hardness of the glands in each side of the neck, a 
little pulmonary congestion and emphysema, everything appeared 
to be normal. There were no secondary deposits found any- 
where. 


Microscopical structure. 

All the sections of portions of tissue taken from various parts 
of the main thyi*oid part of the tumour showed the same 
* For fxpUiwtioD of tho Plates s«a p. 864. 
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Structure, and one description will, therefore, suffice. The whole 
is couMtituted almost solely of enormous numbers of small round 
cells, closely packed in most situations, somewhat more loosely in 
others, resembling small lymphocytes with a very narrow rim of 
cytoplasm. These infiltrate the capsule and invade the adjacent 
muscles (PI, 1, fig. 2). The stroma is exceedingly scanty in 
amount except that the cells are more loosely disposed where an 
intercellular fibrillar stroma is evident, and near the capsule 
where trabeculae of fibrous tissue are seen to pass in. 

Interspersed among the small cells, but relatively few in 
number, are other cells .some four times the diameter of these ; 
they have a faintly discernible nucleus and a weakly-staining 
cytoplasm. Several of the small cells contain two nnclei, but 
the structure of the nucleus in every ease is very dense and none 
shows any definite mitotic figures. 

Ill those places where the cells are more loosely disposed the 
spaces so produced have no proper lining; they a])pear to be 
mere rifts, as it were, in the cellular mass. Small hiemorrhagic 
extravasiitions aie scattered throujchout. Nowhere, in any of 
the sections, is any colloid visible, nor, in fact, any structure 
resembling ordinal*}' thyroid tissue. 

A portion taken from the swollen part of the left thyroid 
shows marked infiltration of the stroma with small round cells, 
but mucli iiioro loosely arranged than in the right. The 
characters of the cells are identical in the two cases, but Whei'eas 
on the right side everything almost is obliterated by the tumour 
cells, in the left the cells are in focal deposits with unaffected or 
little aflTected areas intervening. 

Close search through several sections made from different 
portions of the thyroid tumour fails to reveal any indication 
of an alveolar disposition of the cells. The importiince of 
this fact will he demonstrated later. 

The inner tumour shovrs at its periphei y the general structure 
resembling parathyroid tissue, glandular cells disposed in rays 
and columns (PI. 11. fig. 4), but in most parts of the growth the 
cells are irregularly arranged, are interspersed with hiemorrhagic 
extravasations, and several exhiVdt mitosis. Tlie connective tissue 
of the outer parts passes from the parallel disposition to an irre- 
gular one, and in certiiin situations there are areas or foci of cells 
separated from the surrounding tissue by a thin fibrous strand 
like a capsule, which, however, is not as a rule complete. 

There are elsewhere small scattered foci of a dozen cells or so 
among which are numerous small extiuvasations of blood ; these 
cells are of a squamous appearance or large cells like those of the 
parathyroid, and often show mitosis (PI. II. fig. 6). 

We have, therefore, an instance of a rare condition : the 
presence of two malignant growths in the same animal, namely, a 
small round-cell sarcoma of the thyroid and a carcinoma of the 
parathyroid. 

I can find no record in the literature at my disposal of 
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malignant growth of the parathyroid occurring in the human 
subject. In veterinary literature/ as quoted by Ball, there 
are three cases mentioned. The first was found by Professor 
Petit in a dog. In this, both “thyroids” were hypertrophied, 
and on cutting open were found to contain abnormal nodular 
formation. Metastases were pres^ent in the lungs, the pericardium, 
the kidneys, and suprarenals. Histologically it is described 
as a “ double epithelioma of the deep parathyroids,” constituted 
by rays of epithelial cells with large nuclei, identical with 
cells of the parathyroid, and with a condition o( telangiectasis. 
Tlie metastases had the same “ parathyroid ” structure. 

The same author also mentions two cases occurring in tlfe 
horse — “ the structure in one was that of embryonic parathyroid,” 
he states, in tlie seoon<l that of adult parathyroid.” 

Multiple neoplasms, particularly of benign forms, such, for 
instance, as fibromyonmta, are not uncommon ; but two or more 
quite difierent neoplasms occurring in the same individual, though 
well authenticate(l, are nevertheless sufficiently uncommon to 
merit being placed on record. 

It is well known from experimental wwk on cancer tliat 
the presence of a primary malignant tumour has an inhibiting 
effect on the subsequent development of a second, not, of course, 
of metastatic deposits from the first, but of a distinct primary 
new growth. Two primary carcinomata declaring themselves 
at about the same time from simultaneous irritation or even 
irritation at an interval, provided that this is not long enough 
.to allow a primary tumour to develop, has been repeatedly 
demonstrated. Refractoriness appears to arise only when 
irritation is attempted after the first carcinoma has declared 
itself. These I’emarks and findings apply to carcinomata. The 
rarity of simultaneous oRrcinoma and sarcoma as independent 
tumours is even greater, perhaps because the latter, in Man 
at least, occurs at an early age, whereas the former is a disease 
of more advanced life. 

Two important questions present themselves when we meet 
with conditions sucli as those described in the case of this Ott-er. 
Firstly, are we dealing with a sarcomatous transformation 
of stroma, the stimulus of a carcinomatous growth leading 
to malignant stimulation of the stroma of the epithelial tumour 
itself, such as is seen occasionally in certain mouse*carcinomata ? 
Secondly, are we dealing with a sarcoma at all, or merely with 
a polymorphic developmeiit in a carcinoma ? 

A carcinoma of the breast in a mouse has on several occasions 
been recorded as setting up such activity in the stroma as to 
produce a true sarcoma, and the growth of the latter was so 
rapid as to obscure that of the primary carcinoma. 

The fact that the internal tumour in our case was a parathyroid 
carcinoma and that adenoma of the parathyroid may occur within 
or closely adjacent to the thyroid might lend support to this view, 
but such tumours have clearly the structure of the parathyinid, 
Vmoo. ZooL. Soc— 1927, No, LVII. 67 
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whereas in the Otter tl)e inner tumour is seen to be quite distinct 
macroscopically from the outer, and in the latter, microscopically, 
there is no trace whatever seen of any paipathyroid tissue* 

Primary malignant growths of the thyroid are both uncommon, 
but of the two sarcoma is probably the more so, whereas 
carcinoma not infrequently develops in goitrous enlargements 
of the gland — acfjorcling to Professor Berard as high a proportion 
as 80 per cent. Sarcoma of the thyroid is rather more frequently 
of the spindle cell type, or may be found as angeiosiircorna or 
osteochondrosarcoma or as a member of that debatable class, 
endothelioma. In this instance it was of the small round-cell 
type, the most malignant of the malignant con nective- tissue 
growths, and iu the case of the thyroid they are prone to eai‘ly 
invasion and compression of surrounding structures. 

Ill Man, carcinomata of the thyroid vary considei^bly in 
their grade of malignancy ; whereas some extend i-apidly and 
give rise to metastases early, others are of slower growth and 
-do not disseminate till late. Whereas many contain colloid, 
not only in the primary tumour, but also in the metastases, 
some are composed almost entirely of cells without any demon- 
strable colloid, and their origin from the thj’^roid is determined 
by macroscopic appearances. 

In veterinary pathology there is considerable divergence of 
opinion on the subject of maiignant disease of the thymid. 
On the one side Fod^rd, Scarpa, Kostum, and othei'S maintain 
that all thyroid cancers are secondary to disease elsewhere ; 
Duplay holds an intermediate position, namely, that primary^ 
carcinoma is as rare as secoiulary is frequent; Houel afiirnis, on 
the contrary, that most of them are primary and that secondary 
are exceptions. There is no doubt, however, tliat, oii the wliole, 
such tumours are met with comparatively often, and especially 
in the dog, the cat, and the liorse, and in wild animals we have 
seen them in raccoons, jackals, and genets. 

If the growth is a diffused one the general contour of 
the gland is retained, but most are nodular ; haemorrhage 
into the growth is common, as is also cyst-development. 
The microscopic structure of malignant tumours of the 
thyroid varies considerably ; we may see a typical adeno> 
carcinoma, or an acinous papillary form, or a branchogenic 
epithelioma, a heterotopic squamous epithelioma originating 
in branchial inclusions, or finally, osteoid carcinoma, as seen 
sometimes in Man. Amongst domesticated animals all these 
are commonest in the dog. 

As regards sarcomatous involvement of the thyroid in wild 
animals, Herbert Fox records three cases in his well-known 
work on ‘ Disease in Captive Wild Mammals and Birds ^ (pp. 333- 
5). The first of these was a Racooon-like Dog ( Canu procyontnde^ 
in which the tumour is diagnosed as adenocarcinoma sarcomatodes 
with metastases in the liver and lungs. The following is an 
abstract of his report : — 
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At tha level of the thyroid on each side is a rounded encapsulated nodule, 
2‘6X2Xl cm. ; parts are hard, parts show foci of cystic softening; below these are 
the bodies of the thyroid, 6X2‘6X2‘6 cm., firm but containing cystic foot 

Histologically the thyroid shows a hrm dense capsule of irregular thickness, 
seemingly owing to penetration of enclosed tumour cells ; Hie inner limit of the 
capsule is therefore irregular and at times thinned till it is reduced to nil. Appear- 
ances within the capsule vary ; in places they are those of carcuioma, but as regards 
the connective tissue, there are (a) areas of closely-packed large spitidle-celU with 
hyperchromatic nuclei, having no regular relation to the epithelial elements , {h) in 
other parts similar spindle-cells, but aiTanged to form irregular capillaries ; and (c) 
a combination of the other two; acini, some of which contain colloid, are present, 
and between them run blood-capillaries with rich and numerous embryonic lining 
cells. 

The second case was a Prairie Wolf {CanU latrans) with a mixed tumour of the 
thyroid and metastasis m the lungs. The gland was the size of a child’s head ; it 
was firm, and d(X)c.c.ot blood-stained fluid was obtained from it ; the remainder was 
soft and triable as if made up of fatty and haemorrhagic matter. Histologically the 
gland was largely sarcomatous, with a round-cell alveolar arrangement dominant at 
one place, at another short spindle-cells; man 3' areas of small and a few of large 
bnmorrhage. Section of the lung showed a large sarcoma nodule (round cells). 

Tl»e third was a Coypu (Mj^ocasUr coypu). The upper part of the right lobe of 
the thyroid was occupied by, or at least within the same capsule as, a pink mass, 
25X 15 < mm. It was soft, m»isby on section, with very delicate trabecular net- 
work. 

Histologically the mass w'aa almost completely cellular with here and there 
delicate and incomplete tmbeculations. Small blood-vessels were numerous — a 
dehcati' line with a coil-nucleus here and there — no true wall, but, as it were, spaces 
as blood-channels through the cell-mass. Here and there were compresseti remains 
of th^'roid acini. The colls ivere irregular in shape and size, with nucleus usually 
eccentric. 

The question of mixed tumours of the thyroid is a much 
debited one and every case calls for most careful examination 
and cautious interiiretation. There is, undoubtedly, much 
polymorphism in thyroid c4ircinomata, not merely an admixture 
of solid and acinous structure, but such extreme polymorphism 
of cells that they may lose the ehameters of epithelium and 
ve.seiril)lo very strongly connective-tissue cells. The so-called 
carcinosarcomata are e.ssentially carcinomata in which the 
stroma has sarcomatous properties ” {Kettle), Some of the 
instances denominated carcinosarcomata are merely examples 
of this polymorphism, so that the alveolar type may pass to 
the “solid alveolar’’ or trabecular type, and the latter to loose 
sarcomatous type. Further, if a thyroid tumour is growing 
rapid 1}% as the effect of compression, the alveolar character is 
lost and the cells come to resemble very markedly those of 
sarcoma. 

Besides such polymorphism there may be a diffuse lymphocytic 
infiltration in a rapidly growing carcinoma ; this is seen in some 
tumours of the breast. Though this infiltration may lead on 
cursory examination to the diagnosis of carcinosarcoma, it will be 
noted that the infiltration is not sepaiRte fiDm but intimately 
interspersed amongst the cancer tissue. 

Ewing is very definte regarding the doubtfulness of sarcoma 
of the thyroid. Transformation of the thyroid epithelium is, 
he maintains; so fully established that the occurrence of true 
sarcoma in Man ha.s still to be demonstrated.. He certainly 
adduces some cogent evidence in support of his contention. 

57 * . 
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Oarcinoma and fso-called] saVeoma nre found at about the same 
age, the chief difference clinically being the more rapid course 
of the latter. Macroscopically they are similar— large tumours, 
circumscribed or diffuse, invading adjacent tissues and producing 
metastases. Morfs analysis of 40 cases gives 10 as round cell 
in type. 

The fact that close histological examination in many of the 
recorded cases revealed an alveolar structure favours epithelial 
origin, while the figures depicted in Wolfler’s alveolar sarcoma 
of the thyroid are (according to Ewing) indistinguishable from 
what is seen in some forms of carcinoma, and Kaufmann’s case, 
diagnosed after careful study, as a round-celled sarcoma showed 
a distinctly alveolar disposition of cells. 

Aschoff, however, states that tumours of mingled carcinomatous 
and sarcomatous characters do occur in the thyroid and, moreover, 
that metastases may be of one or other kind. 

In the case of the Otter, the subject of this paper, detailed 
examination of various pieces from the thyroid portions of 
the tumour fails to i*eveal any alveolar ariangement of the 
cells; they are of the small round-cell type almost entirely, 
and they invade the surrounding structures : tliere was no 
concomitant carcinoma of the thyroid, this form of neoplasm 
being found in the parathyroid as an adenocarcinoma. 

Death was the result of compression due in part to the mass 
■ftf the growth, in part to the large abscess and necrotic lower 
portion of it, and in part to dislocation of the trachea, before 
any recognizable metastases had time to develop. 

I wish to express my acknowledgments to Mr, F. H. Bond and 
Mr. F. Martin Duncan, F.R.M.S., F.Z.S., to the former for the 
photograph for Fig. 1, and to the latter for Figs. 2- 5. 


EXPLANATION OP THE PLATES. 

Plat* I. 

Fig. 1. Photograph of the tumour in the right aide of the neck of an Otter {Lntra 
lutra), ahowing enlargement of the thyroid and parathyroid glands. The 
loader part was converted into a large abaceaa containing pna, blood, and 
necrotic tiaan^. The trachea ia thrust to the left of the mid-line. 

Fig. ‘2. Section of the outer part of the thyroid portion of the tumour, showing a 
small round-cell sarcoma invading the muAcle-planea on the left of the 
section. Low power. 


* Plat* II, 

Fig. 3. A sinall portion of the last, under higher magnification, showing the growth 
to be composed almost entirely or smalt round cells. No recognizable 
thyroid tissue remains. 

Fig. 4. Section of the parathyroid portion of the tumour, showing in the upper part 
the trabecular arrangement of the glandular epithelial cells, burning 
irregular in distribution to the right and below. 

Fig. 5. Portion of the last under higher magnification, showing the irregular dis- 
tribution of tbe cells, penetrating in all directions. Many of the nuclei 
exhibited mitotic figures. 
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44. (/Ontribiitions to the Development of the Pelvic Girdle : 
II. — The Ptdvic Girdle in th« Batrachian Hynohius 
nebuloHtis s. Ellinsoijlontsa nehulosa Dum. et Bibr. By 
Jamks W. Low, B.Sc., F.Z.S., Department of Zoology, 
University of Bristol. 

[Heceived June 8, 1027 : Bead October 10, 1027. J 
(Text-figures 1-6.) 

In this paper a description is given of a numl>er of stages 
in the development of the pelvic girdle of Hynohius, The 
material consisted of six embryos, ‘16*5 mm., 17-18 mm., 
19"5 mm., 25 mm., 28 mm., and 33 mm. respectively. Trans- 
verse sections were cut of the hinder portions of these and 
reconstructions of the pelvic girdles made by the wax-plate 
method. In the case of the 25 and 33 mm. embryos, the 
pelvic muscles were reconstructed and also the nerves in the 
older stage. I have been unable to find any description of 
the pelvic musculature in the adult, but the adult condition 
has practically been reached in the 33 mm. embryo. This 
wiis confirmed by <lissection of the pelvic muscles in an adult 
specimen. 

I desire to express my thanks to Professor F. H. Edgeworth 
for his kindness in giving me the material. 

Tub Pelvic Girdle in the Younger Embryos. 

Examination of three stages between 16 5 and 19*5 mm. in 
length shows that the hind hiuh arises as a bud in the posterior 
region of the body immediately in front of the cloacal apeiture, 
when the myotomes of the dorsal jairt of the body are already 
well developed and clearly differentiated in their histological 
appearance. The first ti*Hce of the hind limb (16*5 mm. stage) 
is a distention of the ectoderm by an undifferentiated mass 
of mesenchyme ventro-latemlly, on each side of the ccelom 
ami not separated from the cmloinic epithelium. 8oon, however, 
the aulage of each limb becomes a distinct papilla projecting 
from the body. This continues to grow outwai^ds and back- 
wards, the cells inside becoming gradually separated into masses, 
which will give rise to the femur and the pubo-ischial {lortion 
of the girdle. A nerve passes down into the limb-bud and 
bifurcates into a dorsal and ventral bmucli. In the most 
advanced of the three stages no defini^ muscular tissue or 
cartilage is as yet formed in the limb-buds. 
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The Pelvxo Girdle ik the 25 hm. Embryo. (Text-fig. 1.) 

The pelvic girdle at this stage consists of two distinct 
halves, each of which is composed of a ventral portion and 
a process directed upward and backwaids. These two cartilages 
are inclined to one another at an angle of about 110^, forming 
a wide V-shaped structure. 

Each half consists of a continuous mass of cartilage which 
cfin be considered, for purposes of description, as consisting 
ot a dorsal iliac region, an antero- ventral pubic region, and 
a poster©- ventral ischial region, meeting in the acetabular 
region, but there is nothing to indicate the exact limits of 
the respective regions. Each cartilage bears on its outer side, 


Text- figure 1. 



Drawing of modal (X 100) of pelvic girdle of 26 mm. embryo. 

Ventral aspect, scale f approx. 

at about the middle of its length and below the point of 
origin of the iliac process, a shallow depression, the acetabulum, 
with which the femur articulates. 

Fossa acetabuli ; 

The acetabulum consists of a shallow depression, facing ventro- 
laterally, on the outer side of each cartilaginous mass. It is 
marked off’ anteriorly from the pubic region by a prominent 
ridge. It is bounded posteriorly hy a slight ridge, while dorsal ly 
the acetabular surface is continuous with the outer surface 
of the ilium. 

Regie iliaca : 

The iliac portion of. the cartilage consists of a somewhat 
flattened prorag-like process arising dorsally to the acetabulum 
and pi‘ojecting obliquely upwards, backwards, and outwai*ds. 
This iliac process is elliptical in section, the inner surface 
passing anteriorly into the doiwl surface of the pubo-ischium. 
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The outer surface curves gradually at its lower end into the 
acetabular surface. The anterior border is rounded, and slopes 
downwards from the free end to the dorso-lateral margin of 
the pubic regioti. The posterior border is rounded, and slopes 
downward and forward from the free end. bounding the ilio- 
ischiadic notch doisally. 

Regie ischiadica : 

The iscliial region consists of a mass of cartilage, fairly broad 
anteriorly in the acetabular region and continuous with the 
pubic region ; posteriorly it is produced into two processes, 
medial and lateral respectively. The postero-inedial process is 
about half the length of the postero-lateral process, is somewhat 
oval in section, and forms a backward continuation of the median 
border of the puLK)dschiurn. The postero-lateral process arises 
behind the acetabum and projects backwards and slightly inwards, 
somewhat above the level of the medial process, from which it 
is sefMirated by a deep notch. 

The acetabular portion is somewhat triangular in section. 
Its dorsal surface is smooth, and is continuous anteriorly with 
the dorsal surface of the pubic region. The ventral surface 
is concave, a wide groove pas^ng to the notch sepamting the 
posteiior processes. The ventro-lateral border bounds the 
acetabulum below and terminates in a slight ridge behind 
the acetabulum, separating it from the postero-lateial pi*oces8. 
The ventix)* medial border is rounded and continuous with the 
corresponding border of the pubic region. 

Regie pubicn : 

Tlie pubic region consists of a nmss of cartilage lying in 
front of the acetabulum. It is somewhat triangulnr in ti-ans- 
verse section, the apox <lirected upwui*ds. The dorsal surface 
is smooth, and is continuous behind uith tlie dorsal surface of 
the ischial and iliac regions. The ventral surface, perfoiated 
somewhat latei-ally by a small obtuiatgr foramen, is continuous 
with tlie veiitial surface of the iscliial region. The obturator 
foramen lies at the front end of the groove, which slopes 
towards the notch between the postero-lateral and postero- 
medial processes of the ischial region. The lateral surface may 
be considered as consisting of two aspects, an acetabular face 
and a pre-aoetahulai* face, separated by a prominent ridge 
bounding the acetabulum anteriorly. The acetabular face slopes 
downwards from the dorso-lateml margin of the acetabulum, 
forming part of the acetiibular surface. The pre-acetabular face 
is a somewhat concave triangular area, facing autero-dorsally, 
lying between the dorso-lateral and ventro-lateral margins. 
The obturator foramen lies in the concavity. The ventro- 
labeml margin, wbioli forms an elbow at the lower end of 
the ridge bounding the noetabulum, slopes inward and forward 
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projocti forwards as a blunt process, separated from the antero- 
median process by a wide shallow notch. The pre-acetabular 
aspect faces more anteriorly, and the elbow in the ventral-lateral 
margin, in front of the acetabulum, has become less prominent. 

The Pelvic Girole in the 33 mm. Embryo. (Text-figs, 3 & 4,) 

There is only a relatively small increase in the length and 
breadth of the girdle as compared with the 28 mm. stage. The 
cartilages are much thicker, and the adjacent medial borders are 
still, more closely approximated in the mid- ventral line. At the 
antei'ior end a fusion of the antero-median processes of the 
earlier stage has taken place, forming a median cylindrical 
piocess which passes forward into the ypsiloid procartilage. 

Fossa acetabuli : 

The acetabulum has become deeper, and is still more clearly 
demarcated from the surrounding regions. The ridge anterior 
to the acetabulum is much more prominent, and the elbow at its 
lower end obliterated by the growth of the cartilage. Dorsally 
there is a more prominent ridge sepaiuting tlie acetabular surface 
from the outer suiface of the iliac region. The post-acetabular 
notch still remains. 

Regio iliaca : 

The relaticnships of this area are essentially as in the 28 mm. 
stage. The posterior portion is fiat and expanded, but now tapei^ 
forward to a thin region, oval in transverse section, before merging 
in the ventral cartilage. The iliac process in this stage is con- 
nected by a ligament to a transvei^e rib attached to the sacral 
vertebra, 

Regio ischiadica : 

The vacuities of the, 28 mm. stage are becoming obliterated. 
A fairly large vacuity still remains on the right side only, in line 
with the posterior margin of the acetabulum. The process 
bounding the acetabulum posteriorly is more prominent. The 
ilio-iscbiadic notch is much wider and more rectangular in shape. 
The dorsal surface of the ischial region is slightly concave and 
continuous anteriorly with the dorsal surface of the pubic region. 
The ventral surface of the ischial plate is fiat, but curves down- 
wards in the acetabular region and is continuous in front with 
the ventral surface of the pubic iwgion. The lateral and posterior 
borders are thin and rounded. The medial border becomes 
thicker as it passes forward, forming, in the acetabular region, a 
flat face, which is closely approximated to the corresponding face 
of the cartilage of the opposite side. 

Regio pubica : 

The pubic region is ^ow considerably thickened, especially in 
the acetabular region, but slopes off abruptly towards the anterior 
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margin. The antero-dorsal surface slopes down more steeply to 
the obturator foramen at its base, between it and the small 
triangular plate formed by the antero-lateral process, which 
projects forward. The ventral surface is continuous behind with 
the ventral surface of the ischial region, and is slightly concave 
from side to side. It slopes gradually forward to the obturator 
foramen, where the cartilage is thickest in transverse section, and 
then slopes sharply upwards to the anterior border. The antero- 
lateral angle forms the small projecting plate referred to above. 
The antero-medial angles of each side pass gradually into a 
median procartilaginous process, continuous with the cylindrical 
ypsiloid procartilage, in the mid-ventral line. It is about two* 
thirds of the length of the rest of the girdle. The anterior border 
of the pubic region is rounded and concave from the medial to 
the antero-lateral process. 

The Pelvic Muscles in the 33 mm. Embryo. (Text-figs. 3 & 4.) 

The pelvic muscles were reconstructed in the models of the 
girdles of the 25 and 33 mm. embryos. The muscles in the 


Text-figure 3. 



Drawing of model (X ICO) of pelvic girdle of 83 mm. embryo. 

Ventral aspect, scale i approx. 

The position of M. pubo-ischio-tibialis and M. caudali-pubo-isohio-tibiahs are 


tndicaied by that of M. pnbo-ischio-femoralis extemus 

by and that of M. piibortibialis by . 


older embryo, which afe practically similar to the conditions 
found in an adult specimen dissected, are described below. The 
terminology used is as in a previous paper (1). 
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(A) The muscles passing backwards from the anterior end of 
the body which are inserted into the pelvic region are : — 

M, rectus abdominis (pubo-thoracicus) : 

This consists of two thin narrow bands of muscle lying on 
either side of, and close to, the linea alba. These are inserted 
into the anterior margin of the pubic plate. Lying dorsal to this 
flat muscle is a small muscle which arises from the antero-lateral 
process of the pubic region and is inserted into the side of the 
ypsiloid procartilage. This is the M. ypsiloideus posterior (3). 

M. obliquus externus (costo-abdominalis externus) : 

This sheet of muscle is inserted into a ventral aponeurosis, and 
more posteriorly into the ventral surface of the pubic region in 
front of the obturator foramen. 

(B) The muscles passing forward from the tail which are 
inserted in the pelvic region are: — 

M. ischio>caudali.s : 

This is a stnvp-like mu'^cle, lying obliquely to the vertical 
plane and inserted into the postero- lateral angle of the ischial 
region. 

Innervation : An ischio-caudal branch from the sciatic plexus. 

M. caudali-pubo-ischio-tibialis : 

This is a small muscle which passes forward ventral to the 
M. caudo-femoralis and is inserted into the posterior edge of 
the M. pubo-ischio-tibialis a short way after the latter muscle 
has left the ischial region. 

Innervation : N. pudendus. 

M. caudo’femoralis : 

This is a fairly large muscle, somewhat round in section, 
lying outside the M. ischio<caudalis and dorsal to the M. caudali- 
pubo-isehio-tibialis. It tapera somewhat anteriorly, and is 
inserted into the femur below the tiochanter and dorsal to 
part of the insertion of the M. pubo^ischio- femoralis externus. 

Innervation : N. pudendus. 

(0) The ventral muscles of the thigh are : — 

M. pubo-ischio-tibialis : 

This is a very large triangular sheet of muscle which arises 
from an aponeurosis in the mid-ventral line along the binder 
two-thirds of the line of approximation of the halves of the 
pnbo-ischium. It covers the hinder portion of the M, pubo- 
ischiO’femoralis externus and converges laterally and distally 
to be inserted into the tibia. 

Innervation : N, pubo-ischio-tibialis. 
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M. pubo-tibialis : 

This is a thin strap-like muscle which arises from the ventral 
surface of the pubic region at the base of the antero-lateral 
process and behind the insertion of the M. obliquus externus. 
It runs dlstally, overlapping the margin of the Ttf. pubo-ischio- 
tibialis, to be inserted into the tibia. No muscle is present 
in this position in Menopoma (1). 

Innervation : A branch from the N. pubo-ischio-tibialis. 

M. ischio-flexorius : 

This muscle arises from the postero-lateral angle of the 
ischial region, just in front of the insertion of the M. ischio- 
caudalis and passes downwards below the knee. 

Innervation : A branch from the N. pubo-ischio-tibialis. 

M. pubo-ischio-femoralis externus: 

This is a thick triangular muscie which arises from the ventral 
surface of the puho-ischiimi very close to the medial border. 
Its origin reaches from the bjise of the ypsiloid procartilage 
anteriorly to a point in line with the hinder limit of the 
pubo-ischium, and is overlapped behind by the M. pubo-ischio- 
tibialis. It is inserted into the trochanter feraoris, just below 
the insertion of the M. caudo-feinoralis, and also into the femui* 
below and distal to the origin of the femoro-fibular head of 
the M, ilio-femoro-fibularis down to tiie tibial condyle. 

Innervation : N. obturatorius and a branch from the N, pubo- 
iscliio-tibialis. arising close to the sciatic plexus. 

M. ischio-femoralis : 

This consists of two intimately associated muscles : — 

(a) A dorsal, more or less cylindrical muscle which arises 
from the lateral border of the ischial region in front 
of the origin of the M. ischio-flexorius and passes 
forward to be inserted on the bead of the femur ; and 

{Q) a smaller ventral muscle which arises from the ventral 
surface of the ischial region immediately below and 
closel)' associated with the origin of n and passes forward 
to be inserted into the hip-joint capsule. 

Innervation : A small branch from the sciatic plexus. 

(D) The dorsal muscles of the thigh are : — 

M. pubo-ischio-femoralis internus : 

This muscle arises from the middle line along the dorsal 
surface of the pubic region and, for a short distance, from 
the dorso-lateral aspects of the antero-median pix^cess continuous 
with the ypsiloid procartilage. It passes over the antero- 
lateral process, the antero-dorsRl aspect of the pubic region, 
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and over the dorsal side of the hip*joint/ where it bends at 
an obtuse angle and passes downwards, expanding over the 
dorsal side of the femur, into the lower two-thirds of which 
it is inserted. The origin does not extend back to the ischial 
region, as does the homologous muscle in Menopoma (1). 

Innervation : N. femoral is and a twig from the N* obturatorius. 

M. pubo-extensorius : 

The muscle which corresponds to the muscle so named in 
Menopoma is strap-shaped and arises from the dorso-lateral 


Text-figure 4. 



Drawini? of left half of model (X 100) of pelvic girdle of 33 mm. embryo. 
Dorsal aspect, scale ) approx. 


border of the acetabular portion of the pubic (or iliac ?) region 
immediately behind the M. pubo-ischio-femoralis intemus, and 
passes downwards, overlying the posterior edge of that muscle 
to be inserted in an aponeurosis on the tibial side of the knee. 

Innervation : A branch from the N. peroneus. ^ 

M* ilio-extensoriua : 

This is a strap-shaped muscle which arises, along with the 
ilio*fibular head of the H. ilioirfemoro-fibularis, from the outer 
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surface of the iliac region immediately behind the M* pubo- 
extensorius. The two muscles^ which arise from a common 
origin, soon diverge, the M. ilio-extensorius passing downwards 
to be inserted in the lower leg. 

Innervation : N. femoralis. 

M« ilio-femoro-tibularis : 

The ilio-fibular head of this muscle is a long slender strap- 
like muscle which arises from the outer surface of the iliac 
region along with the preceding muscle. It passes down to 
be inserted about the middle of the peroneal side of the fibula. 
The femoro-fibular head is a slender cylindrical muscle which 
arises from the femur below and distal to the insertion of 
the M. caudo- femoralis and passes downward beside the ilio- 
fibular head, becoming closely associated with the latter at 
its insertion. 

Innervation : A branch from the N. tibialis communis. 

M. ilio- femoral is : 

This consists of two intimately associated muscles, M. ilio- 
femoralia anterior and posterior respwtively, as in Menopoma, 

The anterior muscle arises from tlie dorso-lateral margin of 
the pubic (or iliac?) region immedia.tely below the M. pubo- 
extensorius, by which it is covered. It is inserted into the 
peroneal side of the femur. 

The posterior muscle is larger, and arises os a strap-like muscle 
from the <lorsal surface of the pubo-ischium, passes backwards to 
the ilio-ischiadic notch, where it l>ends over the posterior aspect 
of the ischial region, and then passes distally beside the anterior 
muscle, near which it is inserted into the femur. 

Innervation ; N. peroneus. 

The Pelvic Muscles in the 25 mm. Staoe., 

Some of the muscles already exhibit the relationships seen 
in the 33 min. stage. The differences worthy of note may 
be briefly summarized. 

M. ischio-caudalis passes forward from the tail, but does not 
yet reach the hind end of the ischium. 

M. caudali-pubo-ischio-tibialis is inserted int»o the hind end of 
a mass of muscular tissue lying behind the ischium and (rom 
which the MM. ischio-femoralis « and jS, M. pubo-ischio-tibialis, 
and M. ischio-flexorius arise. 

M. pubo-tibialis could not be distinguished from the main 
mass of ventral muscles, except at some points posteriorly. 

M. ischio-flexorius arises from the mass of muscular tissue 
mentioned above. 

M. pubo-ischio-femoralis externus is, at its origin, scarcely 
distinguishable from the M. pubo-isohio-tibialis. 
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MM. ischio-feir^ oralis a and (i arise from the muscle mass 
behind the ischium. 

M. pubo-ischio-femoralis intemus arises from the lateral 
border of the pubic region and passes down over the head 
of the femur to be inserted as in the 33 nim. stage. The 
origin does not yet extend to the dorsal surface of the pubic 
region. 


Text- figure 5. 



TrauHverse section (sliglitl}' oblique) of 33 min. embryo, just posterior 
to the acetabulum. 


M. ilio-femoralis posterior arises from the hinder aspect of 
the ilio-ischiatic notch, and does not pass forward on to the 
dorsal surface of the girdle as in the later stage. 


The Nerves of the Pelvic Region. 

The nerves supplying the pelvic region and the hind limb 
were reconstructed in the 33 mm. stage. They are derived 
from three spinal nerves, N, sacralis and NN. pnesacrales I. 
and II. respectively. The terminology used by Osawa (2) is 
adopted here. 

The pelvic nerves form plexi anterior and posterior to the 
iliac process. The anterior or lumbar plexus is formed by 
the NN. prfiBsacrales II. and I., a branch from the latter joining 
the N. pnesacralis II. above the acetabulum. This plexus gives 
off three branches : — 

N. obturatorius : This runs forward and inwards, parallel with 
the dorso-latei'al border of the pubic region, towards the 
obturator foramen. It; penetrates the M. pubo-ischio- 
femoralis intemus and passes through the obturator 
foramen to supply the M. pubo-femoralis externus. 
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N. fenioralis : This passes downwards from the plexus, 
giving two branches which penetrate the M. pubo- 
ischio- femoral is intern us ; one of these passes distally 
close to the inner side of the femur. 

A fine branch, which may correspond to the hypogastricus, 
comes off from tlie N. prsesacralis II. before it joins the plexus 
and passes outwards towards the skin. 

The larger posterior oi- sciatic pleius is formed by the 
N. prsesacralis I. and the N. sacralis. This plexus lies behind 
and below the iliac process, above tlie M. caudo-feinoralis. Its 
main branches are : — 

N. peroneus : Arises from the outer anterior side of the 
plexus an<l [Misses downwards between the M. ilio*exten- 
sorius and the M. ilio-femoralis, 

N. tibialis communis: It arises as two trunks separated by a 
blood-vessel. They unite at the knee. The collateral 
trunks are not separated as in }fenopoma by the M. caudo- 
femoralis nor hy the ilio-fihular head of the M. ilio 
femoro-fibularis. 

N. pubo-ischio-tibialis : This arises ventrally from the plexus, 
and passes between the M. caudo-femoralis and M, ischio 
femomlis to supply the M. pubo-ischio-tibialis. 

N. pudendus : Arises from the posterior end of the sciatic 
plexus and supplies'the M. caudali-pnho-ischio-tibialis, 
M. caudo-fenioralis, an<l M. ischio-caudalis. 

A small twig from the sciatic plexus supplies the M. ischio- 
femoralis. 


Abhreiyiations used in Text-fiipires, 

Ac, Acetabulum, ant.lat.proc, Antmi-lateral process of pubic retrioii. ant.med, 
proc. Aatero-me<liaii process of pubic rctfion. caud,fem. M, cnudo^femoralis. 
F. Femur. II. Iliac region. d.f«m,ant, M. ilio-femonilis itnterior. ilfem,post. 
M. ilio-femoralis posterior. M. ilio-extensorius. iLfemJih/ Ilio-fibular 

head of M. Uio-femoro-fibularih. i1 fem.Jih/' Fcmoro-filmhir head of M. ilio-femuro- 
fibularis. I§. Ischial region, isch.cand. M. ischio-caudahs. Uch.fem, M. ischio- 
femoralis. Uch.flejr» M. iscliio-flexoriiis. N,F. N. pnv-sacralis. O.F, obturator 
foramen, or.il. ext. origin of M. ilio-extciisorius. posf.laUproe. Pobtcro-lateral 
process of ischial region. poMt.fned.proc. Postoro-median process of ischial region* 
Fuh. Pubic region. puh.ext. M. pubo-extensonus. puh.tih. M. pubo-tibialis. 
puh.i$ch.fom.ext.{p.if.e.). M. pubo-ischio-feinoralih oxt-erniis. pub.Ueh.fem.int. 
(p.i.fA.), M. pubo-ischio-femoralis iiiternus. troch, trochanter femoris. vac 
vacuity in pubo- ischium. T. Ypsiloid procartilage, yps.post. M. ypsiloideus 
posterior. 

Paoc. ZooL. Soc.— 1927, No. LVIII. 
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45. Studies in Reptilian Degeneration. 
By R. Essex, 

[Received Jutie 9, 1927 : Read October 18^ 1927.] 

(Plates I.- VII. ; Text-figures 1-86.) 
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Introduction. 

The [ii-e^eiit paper ti contribution to the Ktudies of degenera- 
tion in reptiles already mA<le by I'urbringer (1809), Cope (1892), 
Max Muller (1900), ami Camp (1923). 

This work was coinmeuced five years ago at tiie suggestion of 
Mr. J. Hewitt, Director of the Albany Museum, witJiout whose 
invaluable help these studies could not have been brought to 
their present state. The initial stages of the work were carried 
out in the laboratory of Professor Duerden, of Rhodes University 
College, Grabamstown, during the years .921, 1922, and 1923, 
and to him I am indebted for much help. 

Some of the material used was generously given by the 
Trustees of the Albany Museum, and 1 have also to thank for 
gifts of material the Trustees of the Museums at Pretoi-ia, Port 
Elizabeth, New York, Bloemfontein, Colombo, Pietermaritzburg, 
* Commnuicated by the 
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Kuala Lumpur, and Sheffield, and to the trustees of the 
British Museum I arn specially indebted for the gift of a valuable 
collection of Tt/phlops, To Dr. Thomas Barbour, of Harvard, I 
am greatly indebted for the loan of the extremely rare Anomalepis 
mexi^ana. Further, I owe thanks to many collectors in all parts 
of the world. 

Most of the South African material was collect(?d by the 
author, and various expeditions aggregating twenty thousand 
miles have been undertaken in the course of collecting material 
and distribution data. I have to thank the South African 
Government Research Board for a grant to defray the expenses 
of the expedition to Basutoland, and I owe a great debt to Miss 
0* ^iggs for kindly acting as honoi'jiry photographer to the 
various expeditions. 

AU the drawings and dissections were made by the author. 

Degeneration in its Wider Aspect. 

Camp, in his classification of Lizards, 1923, uses the term 
Autarchoglossa to include all the lizards with the exception of 
the fossil family Ardeosaurida% the families Gekkonidae, Uro- 
platidsB, Iguanidae, Agamidae, and Chamseleontidfe. 

This division of Autarchoglossa he subdivhles into two 
sections : (i.) Scincomorpha, (ii.) Anguimorpha. All tlie 

members of the Autarchoglossa have such a key system of 
muscles as would enable them to survive should they lose their 
limbs. 

The other division, which he calls the Ascalabotm, have not 
this key sj’^stem, and hence to them serpentiforrn degeneration is 
impossible. 

Camp’s conclusions are very sound, and his paper has been of 
immense value ; but it contains n few slight errors, which must 
be mentioned, since they bear directly on the subject-matter of 
this paper, although they in no way detract from the excelhmce 
of his work. On page 367 he speaks of the ‘‘limbless Evesia^' 
(Acofitias monodactplus). Evesia has four limbs, and figure 2\ h 
in this paper shows the pelvic girdle and hind limbs of that 
species. 

On page 387 he gives the number of digits in Chammsaura 
macrolepis as 1 or 2. Figures 18 and 19 of this paper show the 
hind limbs of Clumimaura Tnacrolepis with one or no digit, but 
Chamrssaura anguina in figures 15, 16, and 17 has one or two 
digits. Probably Camp means anguina and not mcbcrolepis. 

In discussing the squamation of Lizards, Camp holds that 
Stebli was incorrect when he held that the primitive lizards bad 
a single row of scales to each segment, and he says that if this be 
true it would involve the derivation of the normal Zonurids from 
the degenerate Ghammsaura, But Chamevsaura is degenerate in 
80 far as it has become serpeiitiform, and for the rest it should 
be looked on as a primitive form which at an early stage saved 
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itself from extinction by becoming, serpen tiform, but kept its 
primitive scaling. 

The pbylogeny of the Lizards does not come within the scope 
of this paper. The problems of degeneration have been studied 
along two lines : (i.) the study of the anatomy of the degenerate 
organs, (ii.) an intensive study of the geographical distribution 
of South Africaii forms. 

The Method of Degenerative Evolution, 

In a paper read before the South African Association for the 
Advancement of Science, in 1903, on “ Methods of Evolution,” 
Prof. J. E. JJiierden, in discussing the vestigial limbs and liml>- 
girdles of various reptiles, states : — 

“ One becomes impressed with the small justification there is for 
the assumption that their retrogression is in any way associated 
with disuse, or that useless vestigial structures are" necessarily on 
tlie road to final elimination. One seems forced to the conclusion 
that the degenerative changes in any particular type are the 
result of definite germinal changes, complete in themselves, and 
detached from any which have gone before or which will come 
after.” 

It is clear from the above that Duerden believes that the 
serpeTitiform lizards took to burrowing or grass-frequenting 
habits because they lost their limbs and not that they slowly lost 
their limb.s because they were driven by the stress of competition 
to become serpentiform. Duerden lays great stress on the fixity 
of the degenerative stages, but if a general survey of all the 
degen cm ting or vestigial reptilian limbs or girdles be taken this 
inipre.vsion of fixity becomes distinctly less. Certain characters 
may be of definite specific value — for example, the shape of the 
girdles in Typhhps (text-figs. 50-84); but when one considers 
tliat within the genus one has such a graded series showing almost 
every variation between T, delalandii and T. inoasamhicus the 
impression one gets is that the girdle is at present on the road to 
complete disappearance. 

The genus Scelotee (text-figs. 32 k 33, and PI. I.) provides 
probably the best series giving the impression of vanishing. 

pScelotes capensis has five digits. 

Sceloies tridactyhis i coffer) (PI. I. fig. 1) has three, 

Scelotes hipes (PI. I. fig. 2) has no fore limbs and a two-clawed 
hind limb. 

Scelotes hrevipes (PI. I. fig. 3) has no fore limbs and very 
short hind limbs. 

Scelotes gmntheri has only a bud-like rudiment in place of the 
hind limb. 

Scelotes anguina (PI. I. fig. 4) has no external trace, but 
internally there is r snmll remnant of the femur. 

Although it is perhaps impossible to find within any genus a 
perfectly graded series of degenerating forms, the genus lyphlops 
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provides evidence which supports the theory that such series 
graded by imperceptible differences have existed, and could be 
demonstrated if one possessed an ancestral series rather than 
a series of related species. 

Moreover, when one considers all the figures in this work and 
takes into account the fact that they represent but a fraction of 
the total number of degraded forms, one is struck by the fact 
tluit there is represented in some species or other almost every 
stage from tli© fully developed peiitadactyl limb of the 
saura cenea to the cartilagiiioiKs scapiilo-coracoid of Acontias 
mdeagris. 

If one holds the mutation theory to be correct, one would 
expect to liiid little or no correlation between the facts of 
geographical distribution and the forms of degeneration. These 
facts are discussed elsev\here, and although it cannot be said that 
all the facts of geographi<*ai distrihiition can he explained, yet it 
is obvious that an intelligent explanation of these facts can be 
put forw’ard in terms of Orthogenetic Evoluticm, wheieas the 
mutation theory practically ignores these facts ami, if ajiy varia- 
tion is present, looks u]>on it as incidental. 

The tpiestion arises as to Jiow the disappefirauce td Ihegiidlo 
helps in making the degraded ” forms bet ter a(lnpt»ed to their 
environment. A study of the musculature shows that tlie 
pectoral girdle serves as a basis of attachment for the Pectoialis. 
Sternothyreoideus.8upi’acoraC()ideus.ScHpulo(leltoideus,BnK*hialis, 
and Olavodeltoideirs muscles. 1'lie muscle which is used mostly in 
burrowing is the Cerviconnndibularis, which is attached to the 
inner margin of the imindihle. In burrowing forms this muscle 
is greatly developed, while the Ohlkjuus abdominis externus 
superficialis is attached to the skin and the Rectus su})eificialis 
possesses a series of slips attached to the skin to aid the animal 
in backward locomotion, whih‘ the OblicjUtis a}>domiiUH externus 
profundus is atached to tlie hinder portion of tl»e skull, Tiiese 
four muscles are mainly relied on for j urposes of progression by 
burrowing forms, and it is notable that the .snake Typhlops^ whose 
burrow'iiig habits are similar to thaseof Aconiicia or Amphishcrna^ 
also resembles them in the possession of a large Cerviromandi- 
bularia muscle. 

To a purely burrowing form, limbs me not only useless but 
tend to become a bindrance to progress, and hence one can 
understand their disap}>eH ranee. The girdle forms tlie brnsis 
of attachment of the muscles used in moving the limbs, hence 
with the loss of the muscles the need fai* the gir<ile ceases, and, 
moreover, its presence would militate against the free use of the 
Cervicomandibiilaris and its associated muscles in the burrowdng 
forms or of the anterior portion of the Rectus superficialis iu the 
g^rass- frequenting forms. 

Hence it follows that the absence of the girdle itself is an 
advantage to a form which is either burrowing or" creeping. 
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Camp (1923) stiiteKS that, from a study of Ins own work and 
that of Furbringer, Muller, liahanus, (3oette, and Bogoljubsky, 
he was struck by the similarity between the extreme degene- 
rative series and the early embryonic stnges in such elements 
as the sternum and scupulo-coracoid, and he mentions the 
following facts : — 

1. Fiirbringer’s drawing of the sternal remnants in Jilaims 
stranchii agrees with Biogoljubsky’s ligure of the embryonic 
condition. 

2. The iiiterclavicle appears last in the embryology and 
disappears first. 

The clavicle is the next in turn each way in Scinomorphs. 
The sternum disappears hofort* the scapulo-coracoids and appears 
later in the embryo; before final reduction it takes on the form 
of a parasternal chevron, and at the final end stages may resemble 
such fragments as are seen in the embryology of the salamanders. 

The simihirity between the degenerative and embryonic series 
is, to my mind, so striking as to piechide all other explanations 
hut that they are one and the same, and the so-called degene- 
niting girdh* is merely an arrested embryonic stage, and the 
arrest.ing gets progi essively earlier as the changing habits prove 
advantageoUH. 

Dnerden thinks that degenerative chang€*s are due to germinal 
change.s. It is more probable that the germinal changes are the 
result of degeneration. 


77/c Limfifi ami J/imh-yirdh ia the Genus Charmesaura. 

'Phe genus Chawasaam is to he regarded, from a study of its 
scaling, as the most piimitivo of the Zonurida?. Three species 
(r. ctnea, G, angiiinay ami < \ macrolepis) are found in South 
Africa, and tlie geographical disirihutiun of these species points 
to the conclusion that iimst of the degenemtion evident in the 
genus has occurred in Africa, probably south of the Ztmihesi. 

ChlAMJESAUBA vENEA. 

In this species the linihs have undergone distinct reduction in 
size, hut remain pentadactAl. The tail, as is common in most 
grass-frecjuentiug serpeiitiform lizards, has become greatly elon- 
gated, and may comprise almost three-quarters of the total 
lengtii. It has been sometimes assumed that the minute limbs of 
various serpentiform lizards are functionless, but an examination 
of various types in the field has shown that species with very 
degenerate limbs still use them. Two adult specimens iiieasured 
liad a total length of 460 mm. respectively, and the fore limbs in 
each case measured 11 mm. and the hind limbs 14 and 16 mm. 
respectively. 

This sfiecies is found in the Drakensberg area. 
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Cham^saura ANGUINA. 

The limbs here are more reduced than in rruea, and average 
6 lum. in the fore limb and 8 mm. in the hind limb. They are 
smaller in proportion to the body and are styliform, but with a 
sliglit bend at the elbow- and knee-joints. Usually the limb 
terminates in a single minute claw. This species inhabits the 
region of South Africa south of the Drakensberg. 

Oham^saura macrolepis. 

This is the most specialize<l species, and is found only in 
Zululand and Natal. The fore limbs are absent altogether, 
and the hind limbs are styliform and sometimes terminate 
in an extreme]}" minute claw". 

Text-figure 1. 


Inter do. II I tit 



IVctoral girdle of Chamasaura tfnoa. 


The Pectoral Girdles. 

Text-figs. 1-3 represent the pectoral girdles of the three 
species. In each case the sternum is well developed and there is 
present a distinct xiphisternum and parasternum or series 
of abdominal ribs. These abdominal ribs occur among the 
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Anguimorpiia only in the subfamily ChamoiBaurince, although they 
have been recorded in all known Scincidae, Anelytropsidae, 
Feylinidee, and DibainidaB. 

Camp, in his classification of Lizards (Bull. A. M. N. H. 
vol. xlviii. 1923), speaks of the “ . . . progressive increase in the 
number of parasternal ribs in series of autarchoglossine forms 
having a progressively burrowing habitus.” Neither girdle 
possesses a sternal fontanelle. In the girdle of C. cenea there are 
two scapulo -coracoid fenestrse, in (7. anguina there are three. 
In C. macroUpia the Ncapulo-coracoid shows distinct signs of 


Text-figure 2. 



degeneration in so far that no trace of a glenoid cavity is present 
and the scapular and coracoidal processes which enclose the 
scapulo-coracoid fenestra? are cartilaginous. In this species the 
cruciform interclavicle is proportionally smaller. 

The pelvic girdles show a good deal of variation. Text-fig. 4 a 
shows a normal girdle of C, amea. Text-fig. 4th shows a girdle 
with a very wide epipubic cartilage. In both the hypoischium 
is well developed. Text-fig. 5 b shows a normal girdle of 
C. anguina. Fig. 5 a is interesting owing to the unusual shape 
of the epipubic cartilage. 

Only in the Varanidee among the lizards is the epipubic bone 
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paired, and the girdle here figured is the only one I have seen 
with this exceptional pseudo-pairiug of the cartilage. The pelvic 
girdle of V, rticicrolepis differs very much from that of C. cenea 
and C, nngtcina, The^>w^><'s and iachia are almost parallel, and, 
as Cope noticed (Cope, 1894, pi. xiii. fig. 1 6), the hypoischiuin is 
very elongated. The hypoischiiun was once thought to represent 
the phylogenefcically oldest portion of the girdle; but Mehnert 
doubted this, and asserted that the hypoischium was not a 
separate structure, but that it and the ligainentum hypoischium 


Text- fig are 3 



IVotoral pirtlle of Chamwsaura macroiepis* 


were merely prolong.ationsof the original ischial caitilage. If this 
be so, its late origin would probably cause itseaidy disappearance 
'when degeneration sets in. But apparently it show's less 
tendency to <lisapppar than do other pails of the girdle. Camp 
(Class, of Lizards, Bull. M. N. H. vol. xlviii, 1923) suggests 
that the structure is not a pnmitiNc degenerating element, 
but only an epiphysial calcareous deposition in tlie ligainentum 
hypoischium. If this be proved, its persistence might possibly 
be explained. A microscopical examination of the fore limbs 
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I'ext-figure 4 a. 




Fig8. 4 a & 4 h. — Pelvic pirciles ol Vhammaura <fnea. 
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revealed a good deal of variation in the carpal bones. Text-fig. 7 
shows an almost typical lacertilian carpus with an ulnare, tibiale, 

Text-figure 5 a. 



Figs. 5 a & 6 h . — Pelvic girdles of Chamataura anguina, 

centrale, intermedium, four proximal carpals, and a phalangeal 
formula 2, 3, 4, 5, 3. In text-fig. 8 the metacarpal of the fifth 
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digit articulates with the outer edge of the fifth carpal, and there 
is no intermedium. Text fig. 10 also has no intermedium, and 
the radiale is very reduced, while in text-fig. 9 the third, fourth, 
and fifth carpals are fused. Without attempting to place these 


Text-figure 6. 



in any orderly series of degeneration, it yet appears significant 
that a great amount of variation should be shown in a species 
whose nearest allies show marked degeneration. A study of the 
four hind limbs, shown in text-figs. 11-14, shows a smilar state of 

afiairs. 
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Text-figs. 15, 16, & 17 show that the limbs of (7. anguina 
give evidence of much more variation. In the hind limb it has 
been possible to arrange a graded series showing the trend of 
degeneration. It might be argued that this series is factitious, 
and such an argument might be tenable if the specimens dissected 

Text- fig. 7. Text-fig. 8. 




Figs. 7 & 8. — Fore limbs of Chamasaura ansa. 


liad come from a single small area ; but, since the range of 
geographical distribution covers a distance of about 800 miles, it 
is permissible to hold that these do not represent the result of the 
intermingling of two extremes, but do actually represent an 
evolutionary series and tend to show that the drd digit is at 
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the present time in the process of being eliminated by almost 
imperceptible degrees. 

Text-fig. 17 represents four limbs of very young C, anguina 


Text-fig. 9. Text-fig. 10. 



Figs. 9 & 10.— Fore limbs of Chamasaura anea. 


specimens, and in each of the fore limbs there appears a remnant 
of the 4th carpal. It would be interesting to discover whether 
embryological evidence is constant on this point. 
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Two specimens of C. macroUpis (text-figs. 18 k 19) from 
Zululand were dissected, and it is noteworthy that one has a 
single digit possessing three phalanges, while the other has 
no remnant of a digit, there being merely a cartilaginous knob 
which may be the 3rd metatarsus. Here, again, the variation is 


Text-fig. 11. Text-fig. 12. 



Figs. 11 & 12, — Hind limbs of Chamaaaura anea. 


significant, and it would appear that C, macrolepia is still in 
a stage of degenerative evolution, but, unfortunately, in this case 
the geographical distribution data is of no help, since (7. macro- 
lepia is only known from the rather small area of Zululand and 
Natal. 
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Ar consideration, therefore, of the anatomy of the degenerate 
limbs of the genus Ghammaur>% taken together with the facts o 
the geographical distribution, which will be discussed later 


Text-fig. 13. 


Text-fig. 14. 



Fijjs. 13 A W* — Hind limbi of Chamasaura anm. 


forces one to the conclusion that the species, although represent- 
ing different evolutionary stages whose origins may be separated 
in time, probabljr by very long periods, are yet all tending in the 
same degenerative direction, and hence the probability is 

Pboo. Zoot. Soo. — 1927, No. LIX. 69 
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that anguina had previously an cenea stage and macrolepis had 
probably an anguitia and an cenea stage, just as each had once 
more normal Zonurid proportions. 


I'ext-tigure 15. 



A-F. Fore limbs of ChameBsaura anguina. 
Showings Tariation iii the degree of degeneration. 


Tlte Limh-girdhs in the Genvs AcOutias. (Text-figs, 20-28.) 

In a paper * written in conjunction with Prof, J. E, Duerden 
in 1923 the author made the following remark : “ Working with 
ns,* Mr. V. FitzSimons has found a corresponding fixity in the 

* 8A* Joum. Nat. Hist vol. iv. no. 3, p. 183. 
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stage of degeneration of the limb girdles in the South African 
slow-worm, Aconticbs meleagria'* Further work of a much more 
extensive nature makes it necessary to qualify this statement. 

In 1925 the author described two new species, A, breviceps and 
A» gracUicaiida, and an examination of the specimens in the 


Text-figure 16. 



A-H. Hind limbs of Chama$aura anguina. 
Showingr vjiriation in the decree of degeneration. 


Albany Museum, in the South African Museum, and in the 
author’s own collection led to the conclusion that the genus was 
in need of revision. This revision is at present in hand. 

An examination of the South African Museum^ specimens 
identified bjr Boulenger showed two types : (1) » fat-tailed variety 
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T«Bt-figure 17. 





A & B« Fore limbs of very youog specimens of Chamataura anffuina, 
CAD. Hind limbs of very young specimens of Chamataura anguina. 


with an interparietal head -shield in the shape of an equilateral 
triangle, and (2) a thin -tailed one with a narrower interparietal. 
The fat-tailed ones came from districts west of a line* drawn 
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from Graaf R^inet im Port Elizabotb, excluding Namaqualand, 
and the thin-tailed ones came from district^ east of the same line 
and from ITamoqualand. Hence it was apparent that one was 
dealing with two species or at least varieties, ^'br the purpose 


Text-fig. 18. 


Text-fig. 19. 



Figs. 18 & 19. — Hind limbs from two specimens of Cfiamaaaura macroUpU. 
The corresponding limb from each specimen showed no variation. 

of this paper the name A. meleagria (a) is given to the fat-tailed, 
of which Boulenger identified 28 specimens in the South Affican 
Museum^ an^d the term A, meleagris (b) is given to the thip- 
tailed» of which ha, identified 16 specimens. 
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There have been dissected the following species : — 


Acontias meUagris (a) 30 

Acowtias imUagria (b) 3 

Acontias brevicepa 2 

Acontias gradllicauda 1 

Acontias monodactybas 1 

Acontias hurtonii 1 

Acontias lincatus 1 


Text-figure 20. 



Pectoral girdle of Aoontia$ hurtonii. 

From a specimen kindly presented by the Ceylon Museum. 


Text-figures 25 6 26 show' dissections of A. meUagris (a). 

Text-fig. 25 6 has cartilaginous scapulo-coracoids, and text-fig. 26 
has these bones ossified. In every case there were 23 parasternal 
ribs, thus agreeing with Cemp (Class, of Liz., Bull. A. M. N. H. 
vol. xlviii. pt. xi. p. 387, 1923); but in no two cases were the 
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remnants of the parasternum similar, consequently the remark 
quoted above anent the fixity of the degenerative stage of the 
pectoral girdle ot A, meleagris is true only in so far as it concerns 


Text-figure 21. 



a. Pelvic ^rivdle of Aetmtias burtoni. 
h. Pelvic pirdle of Acontias monodactijliis^ 

From 8p(‘cinieiis Itiiidly prefeiited by the Ceylon Munoum. 


the fhape of the scapulo-coracoids. If the ossification oi other- 
wise be taken into account or if the parasternum be considered, 
then one cannot say there is a fixity. The shape is undoubtedly 
fixed, and can be considered os of help in determining the species. 
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Text-fig. 25 a shows the girdle of Acontias meleoffris (b). As in 
A; Tneleagris (a), the parasternum is very degenerate and 
asymmetric. The scapulo-ooracoids are more robust than in 
meUagriB^ and remnants of the clavicles are present. Text- 
fig. 24 gives the girdle of A, which shows fairly large 

clavicles. A. hrevicepa (text-fig. 22) has a girdle in which the 
inner ends of the scapulo-coracoids join in the median line 
and the outer ends make a distinct angle. The clavicles are well 
represented. A, plumheua (text-fig. 23) has two well-ossified 
scapulo-coracoids and remnants of the sternum, but has no 


Text-figure 22. 



clavicles. Acontias burtonii from Ceylon is the least degeneiate 
member of the genus. It and A. monodactylns are nearly related. 
Boulenger placed these two species in the genus Acontiaa on the 
ground that, in common with A, meleagria, plumheua^ lineatua^ 
etc., they have a suture running from the nostril to the posterior 
edge of the rostral. This seems to the author Ijardly sufi^cient 
to warrant their inclusion in the genus when the diflference in 
head-shields is taken into account. A. burtonii has an almost 
complete girdle, but is in several respects peculiar. The inter- 
clavicle is not cruciform as in typical skinks, but is reduced to a 
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longitudinal bar as it is in its nearest relative, Aeontias monodac-- 
tylu8 (Oope, 1892 6, fig. 9). In this it resembles the Teiids, 
as shown in Bdchia intermedia (Camp, loc, cit. fig. 68). The 
clavicle is gather hook*shaped, and has a large projection meeting 
the first proscapular process. Camp considers the hook>shape as 
one of the first real steps in the degeneration of this bone, 


Text-figure 23. 




and is of the opinion that this is due to the development of the 
clavodeltoideuB muscle. The first step apparently is the develop 
meat of a perforation. The stage reached by A. burtonii is 
therefore the second step, since it is fairly obvious that if the 
posterior margin of such a perforation as that in the clavicle of 
Xantusid rngilea vanishes there remains a shape such as that 
found in A . htirtoniL 
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OirdUs and Limbs of Scelotes caffer (text^fig, 29) and SoeloUa 
{HerpetoBavra) anguina (text-figs. 30, 32, & 33). 

Scelotes caffer is a degenerate Scincoid (PI. I. fig, 1), The speci- 
men dissected was taken near Fort Brown in the Albany District 


Text-figure 24. 




of Cape Province, in what is known as Karroo Country. The four 
limbs are extremely small but still functional, and even when the 
animal progresses by means of a snake-like motion, the limbs 
perform the ordinary “walking” movements, and when resting 
the animal frequently raises it^ body by means of these 
degenerate limbs. 
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The pectoral girdle is interesting, since it shovrs little degenera- 
tion except in the sternal ribs, where, owing to a shifting from 
the left to the centre, the parasternum has become asymmetric. 
The fore limb shows three digits and the phalangeal formula is 
2, 3, 3. It is probable that these digits represent the second, 
third, and fourth of the normal lacertilian hand. A distinct 


Text-figure 25 a. 



v^, / \\ ^ 



amount of fusion and loss Ims gone on in the carpus, and the 
large central bone is probably tlie fused radiale, intermedium, 
and carpalia 2 and 4. The ulnare still remains, and the small 
bone on the outer>side may be the carpal of the lost fifth digit. 
The hind limb has three digits with a similar phalangeal 
formula 2, 3, 3, and the tarsus show s almost as much fusion and 
loss as the carpus. The pelvic girdle (text-fig. 31) is simple and 



904 


MR. R. E8SRX : STUDIRA IK 


triangular, and seems to have undergone general reduction. 
The epipubic cartilage is a simple rhomboid structure, but 
the hypoischium, which in Chamceaaura macrohpi$ is very long, 
is absent altogether, and the isohia do not meet. 


Text-figure 25 6. 



The Girdles o/Scelote.s anguina. (Text-figs. 30, 32, & 33.) 

Hewitt * considers that it is undesirable to iiiaiiitaiii the genus 
Herpetosaura^ but to refer species hitherto regarded as belonging 
to>that genus to the genus Sedates, I have therefore not used 
the name Herpetosaura anguina Boulenger, but have followed. 
Hewitt in considering this species as a very near relation of, 
Scehtes caffer. 

The two specimens collected came from Port EU^^beth* Tha 
* Heifritt, * Aiinnls of Durban Museum/ vol. iii. part 1, 1921. 
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specie is entirely limbless, and no external trace of either 
pectoral or pelvic limbs is visible. 

1?he pectoral girdle shows marked degeneration. The clavicle 
ip well developed and the cruciform interclavicle is even better 
developed than in Scelotes caffer, but the scapulo-coracoid is 

Text-figure 26. 


Scapuio- coracoid 



Peotural girdle of AeontiOM melsaffrit (a). 


a simple bar. There is no trace of a glenoid cavity or of a 
soapulo-coracoid fenestra, and the girdle is quite symmetrical 
and the sternum contains no fontanelle. The pelvic girdle is 
remarkable in so far that each of the two specimens dissected 
possessed' extremely minute but undoubted remnants df the 
femur. 
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Limb-girdlea in Peylinia currorii. (Text-fig. 34.) 

Babanus (1906-1915, pi. xxiii. fig. 33) figured the girdle 
of this species. From his figure it can be seen that the soapulo- 
coracoids are present, and lying near to them are the remnants 
of the clavicles. Tlie sternum is present but very small, and 
Camp (“ Classification of Lizards,” Bull. A. M. N. H, vol. xlviii. 


Text-figure 27. 



1923) states that there are 35 pairs of parasternal ribs present 
together with a few irregular pieces. Muller (1900) and 
Babanus also find 35 pairs. I have also found 35, and have 
figured my dissection of the girdle of a specimen kindly given by 
the American Museum of Natural History. A comparison of my 
drawing with that of Babanus shows that the sternum is still 
further reduced, being separate from the right scapulo-coracoid 
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but the connection with the first right parasternal rib is stronger 
than in Rabanus’s figure. Moreover, the clavicles represented in 
his figure are certainly more robust than those in my specimen. 

The data here are rather meagre, but it is noteworthy that these 
degenerate structures again show variation and asymmetry. The 


Text-figure 28. 




a. Pelvic girdle of Jcontias gracilicQuda, 
ft. Pelvic girdle of dcontias m^lBagria (a). 
0 , Pelvic girdle of 4.contia8 plumbeus. 


pelvic girdle consists of two bones lying just anteriorly to 
the cloaca in the same position as in Acontias, and here again 
one surmises them to be isohia. 

Text-figs. 35-38 show the Pelvic girdles and the limbs of 
TetradactylibS afrioanus. It is thought advisable to discuss these 
only when the other species have been dissected. 
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Ths Pelvic OirdU of the Snake Glauconia. 

The genus Glauconia consists of 46 species, all of which are 
tropical or sub-tropical in their distribution. They are small, 
burrowing, worm-like animals and are insectivorous in habit. 


Text-figure 29. 


interclavicle 


Clavicle 



They bear a very close superficial resemblance of the Typhlo- 
pid®, but they differ in so far as the nasal shield in Glauconia 
always borders the lip and the preanal shield is always 
enlarged. Besides these external diiterences the lower jaw 
in Glauconia is toothed, whereas in Typhlops it is edentulous and 
the teeth are situate on the maxilla. 




910 


SiH. R. ESSEX ; STUDIES IN 


Boulenger (Cat. of Snakes, Brit. Mus. 1893) describes the 
pelvis as follows; — “Pelvis present, consisting of ilium, pubis, 
and ischium ; the latter forming a symphysis.’" 

Peters figured the girdle of Glauconia macrolepis^ and his 
drawing and Boulenger’s description tally. 


Text-figure 32. 




Figs. 32 & 33. — Pelvic girdles of Scelotea anguina. 

In all three speciiuetis dissected the minute remnant of the femur was present. 

For the puri>ose of this puper, a« wide a range of species 
as possible was studied, and an intensive study was made of one 
species, viz., Glauconia nigricans. Dissections were made of 
G. conjuncta^ G, 8CutiJro7i8^ G. nigricans^ G. albifrons, G. gradlior^ 
and G. disicmti. Of G, nigricans nearly one hundred specimens 
have been dissected ; and, although some very young ones have 
been caught, it has so far proved impossible to obtain embryo- 
logical material either in the field or by attempting to breed 
in captivity. 
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The main results of the dissections were to show the small 
amount of variation in the South African species and the 
remarkable similarity between the girdles of the South African 
species and the South American Glaueonia macrolepis, and it has 
been thought that this tended to show that a degenerate organ 
may remain, even though it may be functionless, and thus support 
was claimed for the theory of discontinuous evolution. After dis- 
secting more than one hundred specimens, I am of the opinion 
that the organ cannot be regarded as functionless and that the 
fixity is more apparent than real. 


Text-figure 34. 



Pectoral giidle of Feylinia currorii. 

From a specimen kindly presented by the American Museum of Natural 
History, New York. 


it was uotii-ed during dissection that the greatest amount of 
variation appe.ired in the size of the claw and its nearness to the 
skin, and one was led to think tliat possibly the claw might 
protrude, even though its protrusion were temporary ; and in one 
specimen there appeared undoubted evidence of this. The tip 
of the claw protruded through the skin in the fifth row of 
scales anterior to the cloaca. When the skin was removed the 
perforation was visible (text-fig. 39, D), and on dissection it was 
found that one-third of the claw had protruded through the skin. 
In text-tig. 39, E, the claw appears to turn anteriorly ; actually 
it protrudes downwai^ds and forwards. 

The specimen from which this girdle was taken was an adult 
male with ftdly -developed testes, and it seemed significant that 
the specimen which had the best- developed testes should also 

60 * 
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have protruding claws. Very little is known of the habits 
of these animals, but it is remarkable that more males than 


Text-figure 35, 



A. Hind limbs of TetradactylM africanut^ 
B« External view of rudimentary hind limbs. 


females are captured. They are usually found under stones 
which cover the mouths of their small burrows. There are 
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c'easons when very few can be found, and I would suggest that 
those seasons are the breeding-seasons and the animals are then 
underground. 

It is |>ossible that the claw may protrude only at the breeding- 
season, being used during copulation. If this be so, it will 
account for very few specimens taken with protruding claws. 
Moreover, if the claw be protracted after the breeding-season, no 
trace of a perforation would be seen before the next season, 
since the old skin would have been cast and a new unperforated 
one would have taken its place. 

Although the South African species possess vestiges which 
agree in the main with Boiilenger’s description and with Peters's 

Text-figure 36. 



figure of G. maa^olepis from Venezuela, it was found that the 
girdle of G. alhifrma (fcext-figs. 48 & 49) from Tropical America 
possessed a girdle far more degenerate. Two specimens were 
dissected, and the girdle was found to he entirely cartilaginous , 
and it is probable that it represents the fused remnants of the 
ischia, pubes, and ilia. No trace of a femur was found, and it is 
beyond doubt that the girdle represents a further stage in 
the degeneration of the pelvic girdle — in fact, it may be con- 
sidered as more degenerate than the giidleof TypMops M^ndtt 
and almost comparable to that of TyjMops acuivs from Madras. 
Tiiis being so, it can no longer be held that the girdle oi 
Glaucoma has reached a fixed stage of degeneration ; and, since 
it has been shown that in Glaucmxm nigricans, at least, the claw 
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may protrude through the skin, one may consider this girdle as a 
degeiiemte organ, probably functional — at present in an evolution- 
ary stage to further reduction rather than as a functionless 
organ in a fixed stage of degeneration. 

Text-fig. 37. Text-fig. 38. 



Degmeraiion in the Pelvic Vestiges of the Snake Typhlops. 

The genus Typldops comprises a large number of worm-like 
burrowing snakes widely distributed in tropical and subtropical 
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countries. In conformity with the usual custom among burrow- 
ing reptiles, whether of the Lacertilia or Ophidia, the tail is 
extremely short. Gadow* considers them to be “the last 


Text- figure 39. 



E 


A. boft leg of pelvic girdle of vcrj' young Glaucoma nigrtcans, 

B. The position of the girdle in relation to the ribs. 

C. The claws as they appear with the skin removed. 

I). Drawing to show apertures through which the claws protruded. 

E. Position of the claw when protruding. Usually it points backward, hut in this 
case it was pointing downwards and forwards. 


living descendants of formerly cosmopolitan, rather archaic 
snakes, which in adaptation to their burrowing life and insecti- 
vorous diet have undergone degradation/’ 

• * Amphibia and Reptiles,’ Carab. N. H. vol. vUi. p. 694. 
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Peters in his monograph on the Fauna of Mozambique, 
figures jT. dinga, and shows vestiges of a pelvic girdle con- 
sisting of two small bones just anterior to the cloacal opening. 
For the purpose of this paper two aims were kept in view. 


Text-figure 40 




Figs. 40 & 41. — Pelvic girdles of Glauconia nigricans. 

First, to examine the vestiges of species with as wide a geograph- 
ical, range as possible, and, secondly, to make a fairly intensive 
study of the vestiges in other species. 

Species have been examined from the West Indies, the Cape 
Province of South Africa, South-West Protectorate, Rhodesia, 
* Peters, * Reise nach Mossambique,’ vol. iii,, Berlin, 1882. 
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Mozambique, Angora, India, and Malay, and a fairly intensive 
study has been made of T. delalandii^ from the Cape Province, 
in order to see what range of variation exists within the species. 

T, ddahmdii (text-figs. 50-61) was first dissected, and it was 
found to differ from Peters’s figure of T. dinga in so far as 


Text-figure 42. 




Text-figure 43. 




Fig. 42. — Pelvic girdle ot Glauconia conjnncta. 
Fig. 43. — Pelvic girdle of Glauconia sc^itifrons. 


it possessed not only the two bones figured by that author but 
various cartilages. It is fairly reasonable to suppose that 
the ossified elements represent the ischia^ while the backwardly 
pointing cartilages are the ilia and the anterior ones the pubes j 
while the posterior cartilaginous appendages of the ischia are the 
hypoischm. 
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There is very little variation within the species, only text-figs. 60 
& 61 being anomalous. Text-fig. 61 represents an abnormality 
which is purely pathological, and hence can be safely disregarded 
in any consideration of the fixity or otherwise of the regenera- 
tive stage of the girdle. The girdle represented in text-fig. 61 


Text-figuie 44. 



44. — Pelvic girdle of Glauconia conjunctajh^o. 6037 Pretoria Mu»euin. (Krom 
Wakkeetrootii, Transvaal.) 

Fig. 46. — Pelvic girdle of Glauconia gracilior. 


shows a widening at the anterior end of the iachia^ and the right 
pubic cartilage is absent. In view of the fact that out of twenty 
specimens dissected one only showed an unexplainable variation, 
I am of the opinion that the girdle of 2\ delalandii may be 
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considered as being almost constant in form. In my preliminary 
work on this species I figured as a girdle of 1\ ddalandii a girdle 
which has been wrongly identified 

The three girdles of T, bihronii (text-figs. 62-*64) are fairly 
constant, each has very pronounced pubic cartilages. Text- 
fig. 62 represents the girdle of a young specinjen, and the meagre 
ossification may possil)ly he due to this fact. I’ext-fig. 65 shows 


Text- figure 46 




Fijr.-. 46 & 47 — IVlvu; jiiidli* ot Ghivdonia dista7ifi lioia Zululaiuh 

T. schinzi from the South-West Protectoi ate, which has a 
distinctive girdle and the pubic cartilages are extremely small. 
Unfortunately, only one specimen of this species w’as obtainable ; 
hence it is impossible to judge of the fixity or otherwise of this 
type. T. Inmhricalia (text-figs. 66, 67, k 68) from the West 
Indies shows rather less degeneration than T, schinzi. I regard 

* Duerden and Essex, 8 A. Journal Nat. Hist. vol. iv. No. 8, p. 176. Pig. 6 
should be T. mucriMO, not T. delalandii. 
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the widening of the tips of the pubes as purely incidental, and 
would regard the girdle here as distinctive of the species. 

T. mucrmo (text-figs. 71-74), from Rhodesia, is still more 
degenerate. In one only of the specimens examined is there a 
distinct pubic cartilage. This girdle is otherwise abnormal, since 
there is an ossification of the ilium ; and since this peculiarity 
appeared once among the fifty specimens examined, one may 
explain it as an atavistic mutation and hence not typical of 
the species. T, schkgeli (text-figs. 69 <fe 70), also from Rhodesia, 
shows marked similarity to T, 'iuucruso^ although I would 


Text-figure 48. 




Text-figure 49. 




Figs. 48 & 49. — Pelvic girdle of Glauconia alhifrous iroin Venezuela. 

consider 2\ scJtlegeli as liaving a more degenerate girdle, owing to 
the complete absence of any indication of the pubes, T, amtus^ 
from Madras (text-figs. 75 & 76), has, in the two specimens 
examined, an entirely caitilaginous girdle ; and, although 
the ilia and pubes are present, I would therefore consider 
this girdle as possibly more degraded than that of T, schlegelL 
In T, nigroalhus (text-figs. 79 <fe 80), from Penang, the ilia and 
pubes are extremely small, even though one be prepared to 
regard the cartilaginous knobs at the anterior ends of the ischia 
as the remnants of these bones. T, vermicularis,^ from Angora, 
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(text-figs. 81 & 82) is still more degenerate, and T, braminus 
(text-figs. 83 & 84) has merely two very thin iachia with small 
cartilages at either end. A third specimen shows two cartila- 
ginous rods only. T* mosaambicua (text-figs. 77 & 78) from 
Louren^o Marques has a girdle still more degenerate, since the 
amount of ossification is very small, being only 3 mm. long. 

Text-fig. 50. Text- fig. 51. 



Iscfiiuin 

Text-tig. 52. Text-tig. 53. 






Figs. 60-66. — Pelvic girdles of Typhlopa d$lalandii from Eastern Province, S.A. 

Anomalepia maxicana was also dissected. This snake was 
placed by Boulenger (Cat. Rep. B.M. p. 69) among the 
Glauconidse. Emmett Dunn placed it in the Typhlopidae. On 
dissection I found no trace of a girdle. Emmett Dunn*, 
suggested the placing of ArumaUpia rmodcana in the Typhlopidae 

* Proo. Biol. Soc. of Washington, vol. xxxvi. 1923. 
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mainly because the teeth were found to be on the maxilla as in 
Typhlopa and not on the dentary as in Glaucoma ; but Anomalopia 
and Glaucoma have enlarged preanal shields, while Typhlopa has 
normal ones. Moreover, the head- shields of Anomalepis are 
almost typically Colubrid. It is therefore doubtful whether 
Emmett Dunn is correct in placing Anomalepis in the 
Typhlopidie, although he is certainly justified, from the position 
of the teeth, in removing it from the Glauconidae. (Moreover, 


Text-fig. 56. Text-fig. 57. 



Kigs. 66-61. — Pelvic girdles of T^phlops delalandii from Eastern Province, S.A. 


the Glauconida? have always a well-developed pelvic girdle 
possessing pubes, ilia, ischia, and femur, atul in the absence 
of this well-defined girdle the removal from the Glauco- 
nidao becomes more justified.) The absence of any pelvic 
vestiges does not provide an insurmountable obstacle to its 
inclusion in the Typhlopid®, since it has been shown that 
Typhlopa may possess a fairly well-defined girdle as in T. dela- 
laitdii or varying types of girdles down to the minutest cartila- 
ginous rods as in T. hrcimirma^ and hence Anomalepia might 
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possibly be looked on as a member of the Typhlopidse possessing 
no remnant of a pelvic girdle. Nevertheless, I would not be 
prepared to consifler it as otherwise than an anomalous member 
of the family because of its undoubted Colubrid head-shields. 

A study of the girdle-vestiges of Typfdops makes its clear that 
this character may be regarded as distinctly specific. 

It is noteworthy that the northern and eastern forms — i, e., 


Text-fig. 62. 




Text-fig. 63. 




Figs. 62, 63, 64. — Pelvic girdle of Typhlopt hihronii from Eastern Province, S.A. 
Fig. 06. — Pelvic girdle of Typhlops achinzi from South-West Protectorate. 


from Mozambique, Angora, and India — are the most degenerate, 
and of the species examined 2\ delalandii from Cape Colony is 
the least degenerate. It would thus seem th.at T, delalandii 
is the most primitive, and left the centre of di.spersal apparently 
situated in Northern Africa and Asia Minor, first, and the 
succeeding evolutionary waves are represented by T, hihronii^ 
7\ murcrusOf T. schlegeli^ etc., approximately in the order named. 
How T, lumhricalis reached the West Indies is debatable, but 
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Text-fig. 66. 


Text-fig. 67. Text-fig. 68. 



Figs. 66 & 67. — Pelvic girdles of Tt/phlops Jumbricalit from St. Thomas. 

Pig. 68. — Pelvic ^rdle of Tvphlopa intermedius {lumbricalia) from West Indies. 
Figs. 69 &> 70. — Pelvic girdle of Tpphlops achlegeli from Rhodesia. 


Text-fig. 71. 



Text-fig. 73 


Text-fig. 72. 




Figs. 71-74. — Pelvic girdles of Typhlopt muorusp from Rhodesia. 
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if the above hypothesis be held, luinhricalia must represent 
a stage reached quite early in the dominant period of I'yphlops. 

Til view of the facts that species found in different countries 
have girdle- vestiges varying in their degrees of degeneration, 
and also that the constituent parts of the girdle tend to 
vanish by small degrees, it is fairly reasonable to suppose 
that the text-figs. 58-86 lepreseiit probable stages of descent. 
Such a series when found within a genus is more likely to 
be truly representative of the stages of descent than when 


Text-fig. 75. Text-fig. 76. 



(j 


Fiffs. 76 & 76. — I'olvic girdles of Tjfphlops acutus from Madras. 

Pigs. 77 & 78. — Pelvic girdles of Tt/phlops mossambicus from Louren 90 Marques. 

found within a species as in Chmimsaura miguina^ since if 
the series be found within the species it pre-supposes a very 
rapid evolution of the final stage. Moreover, the series when 
found within the species is more likely to be a factitious one due 
to intermingling which would not happen within a genus. 
Although this consideration detracts from the value of the series 
within a species, it by no means makes it worthless, and one is 
bound to agree with Kreig (1919), who, after measuring the 
intensity of variation in degenerate forms of lizards and 
comparing it with the intensity of variation in related normal 
pROC. ZooL, Soo. — 1927, No. LXI. 61 
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Text-fig. 79. 



Text-fig. 80. 




Figs. 79 & 80. — l*elvic girdles of Typhlops nigroalhuB from Penang. 

Figs. 81I& 82. — Pelvic girdles of Typhlop$ vermicularia from Angora. 

Pigs. 88 & 84. — Pelvic girdles of Typhlopa braminua from Godavery Valley, India. 
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forms, came to the conclusion that marked variation is a 
symptom of degeneration, although it does not follow that it is 
ft sine qua non. 

The fact that T, braminus (text-figs. 83 & 84), which has a very 
degenerate girdle, should also be found in South Africa does not 
detract from the theory of the eastern origin, since, although 
there are found in th«^ south very degenerate {i.e., highly 
specialized) types, like 1\ brammuSy and less degenerate (i, e., 
less specialized) types like delalaudii, the eastern forms have 
on the whole much more degenerate girdles tha-n Ihe African 
species, and, moreover, the more highly specialized types (7\ 
bra/niifust, T. vvrmicidaris) have a wider distribution and 
encroach on the countrii*s inhabited by the older (less degenei ate) 
species, whereas the reverse does not take place — e. g., bramhms 
is found in the whole of 8outln‘rn Asia, the islands of the Jndian 
Ocean, and Africa, south of the hkpiator, whereas T, delalaiidii is 
found only in South Africa. 

The Geographical DiMribntion of Lizards in South Africa^ 
iciih special reference to Primitive and Degenerate Forms, 

Any considej’atioii of the geographical distril)ution of reptiles 
in South Africa necessitates a study of the gcogra}>liy and to 
a lesser d(‘gre(? tlie geology of the country. The main geo- 
graphical feature is tlie watershed which runs from Ceres 
in the Western Province and proceeds in a general east-north- 
east direction for ontj thousand live hundred miles. Jt is formed 
by various ranges, viz. : — the Ivloin lioggeveld, N. Nieuweveld, 
Storm berg, and the Dra kensberg. To tlie north of this range 
the land slopes gradually to the Orange liiver. iietween the 
watershed and the vsea on the south are several ranges, and 
between the ranges is a series of plateaux which decrease in 
altitude step hy stej) until tliey reacli tlie Indian Ocean. The 
heights of the watm.slied ^ary fi om 5000 to 11,»500 feet, the 
culmination being reached at the Mont-aux-»Souroes in the 
IJrakeiisherg. 

The western [)ortion of this waterslied is composed of sedi- 
mentary rocks belonging to either the Cape or tlie Karroo sj^stem. 
The Karroo beds have a maximum thickness of 15,000 feet, and 
it is remarkable that there is no evidence pointing to tlie fact 
that marine conditions prevaile<l at any time during its 
deposition. 

The Beaufort beds foriu the middle of tlie series, and from 
them a very varied and extremely interesting series of fossil 
reptiles has been described by 8eelcy, Broom, Owen, Huxley, and 
Cope. The highest parts of the water slied are composed of 
Drakensberg Volcanics, wbicli are the uppermost beds of the 
Karroo system. These beds have a vertical thickness at Mont- 
ftux-Sources of 4500 feet. 

The Eastern porti^m of the Cape Province, Natal, Basuto Land, 

61 # 
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and the Orange Free State get summer rains, while the Western 
Province has winter rains. Although many parts of the Eastern 
Province have an average rainfall of 22 " or more, there are times 
when the.se parts look little else than deserts, owing to the fact 
that the rain is not evenly distributed throughout tlie season, 
but falls as very heavy storms followed by long periods of drought. 
This unequal distribution of rainfall accounts for the fact that 
many South African plants are xerophytic. 

Zoological Areas. 

It is often assumed that there is some degree of correlation 
between the distribution of plants and of animals, and that both 
are determined by geological and climatic factor’s. There is 
undoubtedly an element of truth in this assumj>tion, but I am 
convinced that geological factors have, in 8011th Africa, a com- 
paratively small share in detei’inining the limits of any species or 
genus. Further, I am convinced that it is impossible to divide 
South Africa into faunal regions comparable with the floral 
regions of Engler and others. Sharply defined zoological aren.s 
can only be found when such areas are hounded by ])hysical 
barriers which are insurmountable. Tn South Africa there are 
no such barriers, and hence no shai ply-delined zoological areas. 
It is remarkable that where such areas <lo exist their faunas seem 
to be aggregations of heterogeneous units wliicli Jiave become 
isolated in these areas, and hence are of little value in the con- 
sideration of ecological problems. 

Although South Africa po.sse.sses no insurmountable barrier, it 
posse.vses two partial bari iers wliicb have iiiliuenced tiie tiend of 
the waves of invasion. Tliese two are the Limpopo River and 
the watershed previously mentioned. 

Tlie author was, first, impressed with the fact that it was 
impossible to divide South Africa into zoological areas, and, 
secondly, with the fact that in any study of the zoogeography of 
the countiy it was essential to examine the watershed along its 
entire length, and, further, it was necessary to examine the coastal 
belt between the watershed and the sea, and tlion to examine the 
land to the north. 

This work had to be commenced de novo because the records 
which were in existence were very meagre and contained no points 
of any fccological value. For example, Smith records Lygoaoma 
stmdevalll “ in the country, to the eastward of Cape Colony,’" and 
he records Scelotes cajfer from “ mf)st parts of Southern Africa : 
found under stones or in loose soil near the roots of shrubs,” One 
might infer from the above that Scelotes caffer was reasonably 
common, yet in the course of expeditions aggregating 20,000 miles 
I have found Scelotes caffer once. 

Expeditions undertal en. 

The sketch-map (PI. III.) shows the routes undertaken by the 
author in his attempt to examine the watershed and the plains on 
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•either side of it. Every route has been travelled twice and some 
many times, and, although the examination lias not been complete 
and could probably never be complete, it is hoped that the data 
collected and the conclusions arrived at may be found of use. 
The total distance travelled was twenty thousand miles and the 
following is the schedule adopted. First, an intensive examb 
nation of the Grahamstown area was made, and here 668 specimens 
belonging to 20 species were collected ; the range of trips was 
gradually widened until tlie author had acquired a fair knowledge 
of the (ecology of the reptiles of the Albany district. 

'rhen various longer expo litions were organized. 

1. Across the Karroo to Graaf Reinet ; south of the Zuurberg, 
along the Little Karroo Oudtshoorn, through, the Outeniqua 
Mountains to the coast, along the coast near Zitzikamma Mts. 
to Port Elizabeth and then to Grahamstown. 

2. 'Co the Amatola Mountains. 

3. Along the coast-belt to Gape Town, with various excursions 
into the mountains. 

4. Across the Gieat Winterlun-g. 

0. To the Stormberg Range near Queenstown and to Tembu- 
iand. 

6. Across the Katherg Range. 

7. To the Stormh/rg, Orange Free State, across the Drakens- 
berg at van Reenau’s Pass, through Natal, Griqualand, and the 
Transkoi. 

8. Across the Katherg to the Stormberg, the Transkei, Natal, 
to the soutliorn slopes of Mont-aux-Sources, to the summit of 
Mont-aux-Si)urcos from the northern side, returning via the 
Orange Free State across tlie Stormberg at Middellx^rg. 

9. Across the Karroo to the Swartherg, returning lliroiigh the 
Outiniqua Mountains to Gralmmstown. 

The following are the reconis of species taken during the 
expeditions. New species iliscoveretl are marked with an 
asterisk : — 


Family G e c k o n 1 1) M, 

Pacuyuactylus maculatijs Gray. 

Amatola Mountains, Fort Beaufort, G raliamstown, Port Eliza- 
beth, Herman us. 

Tliis Gecko is fairly common in the Eastern Province, and is 
usually found under stones, often in conjunction with Zonttrua 
cordt/lus or with the Scorpions. Tiiere is a common but eiToiieous 
opinion that it is poisonous. It is a timid and rather friendly 
lizard and can easily be kept in captivity when provided with 
small insects. It is oviparous, and the eggs are usually laid in 
pairs, although on one occasion I found a cluster of tliirteeu eggs. 
These eggs hatched out three weeks after being collected. The 
young average 20 mm. in length, are blackish in colour, and the 
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tail is quite thin. When captui^ed the adult has a habit of losing 
its tail, and the regene!‘ated tail is nnich wider than the original 
one. Also when caught it often emits a distinct squeak. 

PhYLLODAOTYEUS rORPIIYREUS Baud. 

Cape Peninsula (Kirstenbosch ainl Constantin). 

This Gecko is much larger than the preceding one, and may 
reach the length of 100 mni. The young are dark brown witli 
long reddish tails, and when hatched measure 30 mm. The 
adults are greyisli with <lark brown vnadegations above and a grey 
stripe down tlie centre of the hack from the neck to the base 
of the tail. Tliey are much more active than l^ichydaci^/liff^ 
maculatus, 

Pacuyoactylus cAPENsis Smith. 

Tarkastad , Mont-anx-8ources. 

Paciiydactylus bibrom Smith. 

Hounslow, near CTi’ahamstown. 

Lygodactylus CAPENSIS Hmith. 

Pietermaritzburg. 

CEduha nivauia Boul. 

Storinberg Range, near Cain. 

GiIduka tembulk i: Hewitt, 

Cofimvaba and Southern 'reiiibuland. 

Q^dtjra karroica Hewitt. 

Graaf Reinet. 

OEdura karroica var. wilmoti Hewitt. 

Tarkastad. 

CEdura sp. n. 

South slopes of Mont-aux-Sources. 

On Jan. 2nd, 1925, 1 collected twenty-four eggs of P, porphyreus 
at Constantia in tlm Cape Peninsula. There were thirteen in one 
cluster, eight in another, and three in the other. During the 
ensuing motor journey of one thousand and more miles seven 
were broken. On February 5th seven hatched out and a few 
days later six others. The young were at first covered with a 
thin transparent membrane. This vanished shortly, and, judging 
from the fact that 1 found no trace of it, it is highly probable- 
that it constitutes the young gecko’s first meal. 
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Phyllodactylus KS8EX1 * Hewitt. 

Hounslow (ten miles north of Grahamstown). 

Tiie adult of this species has a superficial resemblance to the 
young of P, porphi/retis, Jt was found on a rocky hill, and on the 
same hill I have taken Zonurus cordylas^ Eremias pulchellay 
Mahaia varia^ Acoutias ineleagria, and Typklops delalandii. 

CEdura AMATOLicA ^ Hewitt. 

Hogshack on the Amatola Mountains ainl Katherg Range. 

Jdiree specimens were found under stones at a lieight of about 
six thousand feet. In tins neighbourhood, where J collected very 
carefully, no trace of Pachydmtyhis oi* Phyllodactylus uas found. 

Family A G A M i D 

AgAMA ATIiA Djiud. 

Amatola Mountains, Fort Beaufort, Grahamstown, Port 
Alfred, Port Elizabeth (Schoen maker Kop), Hermanus, Houw 
Hoek, Hir Lowry’s Pass, Cape Peninsula, Bains Kloof, Tradovvs 
Pass, and Mossel Bay. 

This Lizard has a very wide distribution. It can be found on 
the sea»sliore, on the Karroo, and on the tops of mountfiius. On 
the sea -shore at Hermanus 1 liave found it in fairly large 
numbers on rocks which are covered at high tide. In the breeding- 
season the head of the male becomes a vivid blue. It always 
inhabits the neighbourhood of large stones, and is extreniely 
difficult to catch, owing to its quickness and to its power of 
jumping. J have seen an adult Agama jump to a height of 
twelve inches and land on the perpendicular face of a rock ; and 
1 have seen another adult when hard pressed leap wdth its legs 
and toes outstretched to a point on another rock two feet lower 
and three feet away from the point where it was standing. 
These lizards usually bask in the sun, and they liave a quaint 
habit of raising and lowering the head and shoulders, at the same 
time turning the head from side to side. They watch intently 
an^'^thing approaching from the front, and if one attracts their 
attention in this manner a second person can often easily capture 
them from tlie rear. 


Family Z o N u R i D a:. 

ZoNURUS CORDYLUS Lillll. 

Hogsback (Amatola Mountains), Gaika’s Kop (Amatola 
Mountains), Mitchel’s Pass {Seymour), Fort Beaufort, Port 
Alfred, Port Elizabeth, Hermanus, Houw Hoek, Hottentots 
Holland Mountains, Sir Lowry's Pass, Cape Peninsula, Bains 
Kloof, Montagu. 

This is probably the commonest Lizard in the coastal districts 
of Cape Province. I have taken it from the sea-shore to Gaika’s 
Kop at a height of 6,000 feet. It also seems to be the hardiest. 
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Lizards are usually considered to be almost entirely insecti* 
vorous ; on one occasion 1 saw Z. cordylvs attack and eat a small 
skink. It lives in narrow pracks between rocks, and, owing 
to its dorsi-ventral flattening, it can squeeze into very narrow 
clefts and is hard to dislodge. At Hermanns Zonurm appears 
to have departed somewhat fi‘em its rupiculous habits, and 
there often lives in holes in the earth after the manner of 
Oerrhosaurus flavigularia- While collecting on a trip from 
Grahamstown to Capetown, 1 noticed that specimens taken in 
the Eastern Province and the south-eastern districts were all 
reddish with yellow variegations. At Hermanns most of the 
specimens had black heads, and as one proceeded westwards they 
became blacker, until in the neighbourhood of Capetown most of 
the specimens taken were entirely black. It is possible that on 
a closer examination it may be found that there are two or 
several varieties. 

PSKUDOCORDYLUS MICBOLEPIDOTUS Smith. 

Amatola Mountains, Grahamstown, Tembuland, Drakensberg 
Range. 

On the Moiit-aux-Sources it was found on the summit in large 
numbers. At Hogsback I twice observed this species in the act 
of feeding on a rock-encrusted lichen. 

ZoNURUS ccERULBO-PUNOTATUs Hewitt & Methuen. 

This species somewhat resembles Z, cordylus^ but is slenderer 
and marked with bright blue spots — it is deep yellow ventrally. 
I found it living in the wall on the Montagu Pass in the Outeniqua 
Mountains. It basks in the sun, but is extremely bard to catch. 
In a distance of a mile along the wall I counted thirty 
specimens of Zonurus cmruleo-pumtatus (of which three were 
captured), one Tropidosaura montana, and one Mahuia varia, 

ChAMJBSAURA AN6U1NA Liuil, 

Coldspring (six miles west of Grahamstown), Woest Hill (four 
miles 80Uth-east of Graliamstown), Bains Kloof, Cape Peninsula, 

llu'* serpentiform lizard has minute remnants of limbs and a 
very elongated tail. Most of the surface- frequenting serpentiform 
lizards usually live in grassy country, but of the fi\e specim^'us 
of ( 7 , anguina I have taken two were in rocky country. The 
Bains Kloof specimen was gliding over the flat surface of a large 
rock, and its motion was so snake-like that at first 1 mistook it 
for a specimen of Psammophis crucifer. 

I have watched these lizards for any sign of limb-movement, 
and so far have not been able to detect any. There is a distinct 
difference between the movement of the surface-frequenting 
serpentiform lizards and the burrowing serpentiform types. The 
former are typically snake-like and particularly graceful in their 
movements. The short-tailed burrowing forme, such AsAcontias, 
move jerkily with a, lateral whip-like movement. 
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Family Gkrrhosaubid^. 

Gbrrhosaurus flavioularis Wiegm. 

Grahamstown, Bath’s Hill (eight miles north-east of Grahams- 
town, Port Elizabeth (Schoenmaker’s Kop), Hermanns. 

At Port Elizabeth and Hermanns G, flavigulwris was found on 
the shore living in holes under bushes in close proximity to 
Zonurus oordylus^ Mabuia varia, and Mahuia honudocephala. 

G.Jlavigularis has a yellow throat and a narrow but very distinct 
band arising above the posterior corner of the eye and running 
the length of the body. The sides, especially of the neck, are 
barred with black and yellow, and the back is variegated with 
black markings and small yellow dots. G.Jlavigularis is distinctly 
untamable and attempts to bite whenever possible. Crickets 
seem to be the favourite food, as I have ascertained by actual 
dissections. 

Tbtradactylus sbps Linn. 

Cape Peninsula. 

This Lizard has a deep olive-bronze colour on the back and 
ventrally a metallic iridescence. Tlie upper lip has yellow spots, 
not quite so plainly marked as in Tetradactylvs tetradaUylus, 
where the markings are continued along the neck. It lives under 
stones, and appears fron» its proportions to be in the first stages 
of serpentiform degeneration. 

Tbtradactylus l^vioauda Hewitt. 

Amatola Mountains and Katberg Range, 6000 feet. 

This species is very similar in coloration and also in habit to 
T, seps, but the tail is proportionally longer. 

Tbtradactylus tbtradactylus Lac^p. 

Cape Peninsula. 

jT. tetrad(ictyh(8 resembles in proportion and habit Chammaura 
anguinay except that in 0, anguina degeneiution has proceeded 
much iurtiier, and whereas in Ohanuesaura the limbs do not 
appear to be in use, in 1\ tetradactylus they are used to a certain 
extent. For the most part the animal glides along with a ser- 
pentiform movement, but when at rest it sometimes raises itself 
from the ground by means of its limbs. It is impossible to say 
whether the limbs move as it glides along, since the rate of 
progress is too rapid. 


Family S c i n c i D 
Mabuia trivittata Cuvier. 

Amatola Mountains, Fort Beaufort, Graimmstown, Port Eliza- 
beth, Hermanus, George, Mossel Bay, Caledon, Cape Peninsula, 
and Umtata. 
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This Lizard is fairly comttion over a wide area, and 1 have 
rarely found it far away from houses. I have found it living on 
garden rockeries, in holes in the trunks of trees, and under 
bushes. When fully grown it has rather a heavy body and is by 
no means as agile as the Lacertids. On the Amatola Mountaine 
it was taken near to the Hogsback Hotel. 

Mabuia homalooephala Wiegm. 

Grahamstown, Hermanus, Cape Peninsula. 

This species and M» varia are very similar in general appearance. 
Each has a lateral streak passing through the ear, but in H, homa^ 
locephala tliis streak is often yellow and is edged inferiorly with 
a dark band which is again edged with a whitish band ; also in 
H, homalooephala the hind limb will barely meet the adpressed 
fore-limb, whereas in M. varia it invariably covers the hand and 
often more. There is also a difference of habitat, for M, varia 
lives under bushes, whereas M. homalooephala is entirely rock- 
frequenting. 

Mabuia varia Peters. 

Grahamstown, Port Elizabeth, Hermanns, Cape Elizabeth. 

Mabuia striata Pet. 

Orange Free State, Drakensberg, Transkei. 

Mabuia sulcata Pet. 

Graaf Reinet, Mid del berg, Craddock. 

AcONTIAS MELEAGRIS L. 

Grahamstown, Port Elizabeth, Hermanus. 

AcoNTIAS GRACILICAUDA * EsseX. 

Grahamstown. 

Acoktias BRBViCKPS ^ Essex. 

Amatola Mountains. 

Scelotks BiPES Linn. 

Cape Peninsula. 

The fore limbs are entirely absent, and as the animal moves 
the small hind limbs are kept close to the body; it is found 
burrowing in loose earth and has a more snake-like movement 
than Acontias mainly owing to its longer tail. 


Family LACERTiUiB. 

Tropidosaura MONTANA Dum. k Bibr. 

Amatola Mountains, Grahamstown, Montagu Pass in the 
Outeniqua Mountains. 



RBFriLIAN DBGKNBEATIOII. 


935 


Found only on rocky hill« «nd mountain**. i)n the summit of 
Signal Hill, near Grabamstown, this is apparently the only 
lizard and is fairly plentiful. As one proceeds lower down the 
same ridge other species— such as Paeudocordylus microlepidotiis^ 
Zonurua cordylm, Eremiaa bttrclielliy Acontiaa meleagris — appear ; 
at this lower elevation Eremiaa hurchellih^aom^a, plentiful, whilst 
Tropidoaaura completely vanishes, but on ascending the next 
spur of the Zuurberg Tropidoaaura again appears. 

On the Amatola Mountains the same sequence did not hold 
good, since I found Tropidoeaura in close proximity to most of 
the species mentioned previously, while in the Montagu Pass it 
shared a wall with Zonurua cmruleo-punctxUua^ 

Boulenger says of the coloration : “ Olive-brown above with 
two dark and two light longitudinal streaks on either side.’’ To 
this might be ad<le<l : the light streaks in the breeding-season 
become series of yellow dots 

Tropidosaura bssexi * Hewitt. 

Found at the summit of Mont-aux-Sources, 11,500 feet, 

Nucras delalandii M.-Edw, 

Sugarloaf Hill, (Jrahamstown. Only taken once. 

Nuchas tessellata ta*:nioi.ata Smith. 

Longford Grange, on the Bushman’s River, 30 miles south of 
Grabamstown. 

The coloration is somewhat similar to that of Eremiaa bur- 
chelli^ with the exception that the tail in the adult of Nucras is 
red for some distance from the tip, whereas in Eremiaa the 
young only have red tails. Found in a bush near to the river. 

Eremias burchelli D. k B. 

Grabamstown. At various places on the range of hills to the 
south and west of the town. The favourite habitat is gi ound 
dotted with loose stones. It is extremely quick and very hard to 
catch. Sometimes it is very plentiful, and I have captured eight 
in less than an hour. One nearly always finds Trimerorhinua 
rhombeaiua in the same small locality, and it seems as though 
this snake is one of the natural enemies of Eremiaa, 

Eremias lineocellata puloublla Gray. 

Hounslow (ten miles north of Grabamstown), Avontuur, 
Riversdale. 

Frequents sandy stretches with some stones. It is probably 
the quickest of all the small lizards. 

SOAPTEIBA KNOXl M.-Edw. 

Cape Fiats. Frequents the extensive sandy wastes to the east 
of the Cape Peninsula . 
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The intensive study of the Grahamstown area yielded the 


following results : — 

PachydoGtylm maculaPua 82 

Agmna atm; 62 

Zonurtis cordylus 108 

Paeudooordylm microtepidotua 8 

Ckamceaaura angtiina 2 

Varana niloticiis 2 

Eremias hurckelli 41 

Eremiaa pvlchella 1 

Nticraa delalamlii 2 

Nacras tessellata tmniolata 7 

Tropidoaaura mofUana 27 

Mahuia varia 14 

Mabuia trivittata 45 

Mahuia homalocephala 16 

Acontias meleagris 83 

A contiaa gracilicamlu 5 

Gerrhosaur'iis JioAngularis 26 

Glaucoma nigricans 103 

Typhlopa delalandii 7 

Lophosaura ventralis 37 


678 

It will be noticed that the list contains 15 genera and 20 
species, of whicli 4 genera and 5 species are “ degenerate,'^ but of 
the 678 specimens collected 83 belong to one degenerate form 
and 103 to anotlier. Besides the degenerate lizards I have listed 
Typhlopa and Glaucoma^ since they possess remnants of limb- 
girdles and ill their habits are not unlike Acontias, 

These numbers become signiticant when compared with the 
numbers recorded on an expedition where no real intensive work 
is possible. Tembuland expedition gave the following results : — 


(Edura temlndica 21 

Pachydactylaa wuculatus 6 

Paeudocordylua microlepidoHis 10 

Eremiaa hurchelli 7 

Xucraa delcdandii 2 

Mahuia trimttata 2 

Mahuia homalocephala 8 

Zonurua cordylua 8 

Agama air a 7 

Glaucoma conjuncia 2 


It will be noticed that Acontias does not appear and that 
Glauconia appears only twice. 

During the course of a long trip to Capetown, in which 
2000 miles were covered, Acontiaa was taken three times, while 
neither Glaucmiia nor Typhlopa was taken. 
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It would therefore appear at iirst sight that Aoontiaa msleagris 
is more common in the Grahamstown area than in other parts of 
the Oape Province, yet an examination of the 46 specimens in the 
South African Museum shows only one (No. 1075) as having 
come from Grahamstown. The true reading of these facts is 
probably as follows : — Acontias TmUagria is a burrowing limbless 
liasard and is rarely seen in the open, and hence rarely taken by 
the casual collector, and much museum material is provided by 
this type of collector. But if one finds an “ Acontias ” locality 
and knows its type of hiding-place, it may be taken in fair 
quantities, and I have little doubt that other districts would 
yield good results if intensive collecting were done in them. 

Reptile Sanctuaries, 

Before proceeding to examine in detail the distribution of 
various species, it is advisable to remark upon and attempt to 
explain tlie apparently unwarranted abundance of reptile life in 
certain very small areas. These areas are rarely more than a few^ 
hundred square yards in area, and possess not only a large numbei* 
of reptiles but also a greater variety of species and genera than is 
usually found. Such areas seem to deserve the name of Reptile 
Sanctuaries, and I have chosen one for a detailed description. 
This particular s[)ot is shown on PI. VII. fig. 2, and is a small hill 
on the farm Hounslow, about ten miles north of Grahamstown. 
The rocks are sandstones of the Witteberg series, and on the 
northern side they form a small precipice or “ krantz,’^ while on 
the southern slope the whole area measures about one hundred 
yards by fifty yards. The vegetation is practically all xerophytic 
ill character, and includes the following : — 

Mimosa shrubs. 

Prickly pears (cactus). 

Aloes of various species. 

Oarissa and Fachypodium (Apocyncce), 

Pelargonium cuculatum and other members of the 
Geraniace 80 , which are bulbous. 

M esembryanth em urns ( Mesem hriacece) • 

Euphorbia resinijera, 

Senedo and other xerophytic composites. 

Polygala. 

Orassulas and Cotyledons. 

Korea {Fridacem), 

Hypoxis and Brunsvigia (Amaryllidacece), 

Lelago {Lelaginecs), 

JEtaleria (ScrophtdariacecB), 

Orettna (Tiliacecs), 

Mistletoe and various lichens. 
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From this small area with a semi-Klarroo flora I have taken 


the following ; — 

Puch^actylua hibroni 3 

Phyllodactylvs essexi 28 

Zmmrus cordylus 18 

Mabuia varia 16 

Mahuia homcdocephala 6 

A contiaa mdeagria 3 

Scelotes caffer 3 

Eremias lineocdlata pulchella 2 

TypKlopa delalatidii 2 

Glatbconia nigricans 4 

Philotliamnus semivarieyatus 2 

lloimpus areolatus 2 

Tcsiudo avgulata 2 


Of the Invertebrates, I have taken Scorpions of the genera 
Hadogenes^ Opisthocanthus^ Parahathus, and Uroplectes ; Milli- 
peds, Centipeds, Arachnids, and many insects. 

After examination of the surrounding country had shown that 
Hounslow was far more densely inhabited than any other spot 
within a wide range, the question arose as to the reason for this, 
and there seemed to be three factors which accounted for it ; — 

1. The physical character of the rocks. 

2. The abundance of small insect life. 

3. The comparative rarity of snakes. 

(1) The rocks have almost horizontal cracks, which have 
separated pieces ranging from 50 lbs. to several tons. The 
cracks may be several feet in length and depth, but are very 
narrow and hence afford ideal hiding-places for reptiles. In 
the wider ones are found Pachydactylus hibroni and Zonurus 
4iordylus and in the narrower ones Phyllodactylus essexL In 
these deep cracks these three species are safe from normal 
enemies. Pachydactylus and Phyllodactylus are nocturnal, and 
this in itself is some protection. Zonurus has a habit of 
sitting in the sun, but retreats head foremost into its crack as 
soon as it sees anything suspicious. In the crack it plants itself 
firmly by means of its claws, and if the tail be grasped in an 
attempt to pull the lizard out, the tail invariably breaks olff. 
Tlmse diurnal lizards depend more on sight than on hearing for 
protection. I have stood, on several occasions, perfectly still 
within a few feet of Pseudocordylus and Zonurus and fired a 
pistol behind my back and the lizard has apparently taken no 
notice, but if the slightest movement be made the lizard vanishes. 
The reason for this is that the two most inveterate enemies of the 
lizards are birds, such as hawks and hornbills, and snakes, and in 
both cases the lizard is dependent on sight rather than hearing 
for protection* 
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(2) PhylhiaetyHs esaexi is flattened dorsi-ventrally and gets 
into cracks, which are so narrow that only the smallest snake 
eould get in to attack any lizard which had taken refuge there. 

(3) The absence of snakes is accounted for by the absence of 
frogs, which is due to the absence of water. The only snake 
which from its rupicolous habit would be likely to b^ome a 
menace to these reptiles is the Berg Adder (Bitis apropos). 

I have found this snake, which is probably the most primitive 
species of its genus, living in cracks on the tops of several moun- 
tains on the Great Winterberg, 7800 feet), and its presence 
is always an indication of the paucity of lizards. For some 
reason this snake does not occur at Hounslow. 

Scdotes Glauoonia nigricaiis^ Typhlops delalandii^ and 

Acontias rmUagris are all burrowing and insectivorous. Their 
burrowing habits make them safe, and the abundance of small 
insect-life makes it possible for them to find plenty of food. It 
might be argued that there should be a great deal of com- 
petition between the reptiles of similar habits. This does not 
seem to be so. Dompetition seems to be between closely-sllied 
species rather than l>etween genera of similar habits — for example, 
one never finds Acontias meUagris and AcontioB gradlicavda 
together, although one does find Acontias meleagris and Typhlops 
delalandii in very close proximity. 

Mahuia varia lives among the loose stones of a rough wall 
which crosses the area. I have watched Mahuia varia chase and 
eat spiders. 

The prevalence of insect-life is due to the comparative wealth 
of vegetation whose dead organic matter provides food-material 
for many insects, and these in turn are eaten by other insects. 

Hence one comes to the conclusion that these “ Reptile 
Sanctuaries'^ require three conditions: — 

(1) Plenty of food- material. 

(2) Adequate hiding-places. 

(3) Comparative absence of enemies. 

The second factor is, I think, the most important. It is not 
likely that in such spots as that mentioned above any evolutionary 
change takes place. Such spots would probably tend to fix and 
perpetuate a species rather than cause it to change. 

Tfie Geographical Distribution of Degenerate and 
Primitive Forms. 

The distribution of Scincid® is shown on the map in fig. 85. 
There are seven genera in South Africa, of which four — Sepsvna^ 
SoeloteSf TyphlosauruSy and Acontias — are more or less serpenti- 
f orm. It can be seen that the degenerate members of the family 
are nearly all situated round the coastal districts, while the normal 
limbed members are obviously dominant. This seems to point 
to the fact that the degenerate groups entered South Africa via 
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Mozambique and found it impossible to cross the watershed, and 
hence have remained on the coastal strip. When the migratory 
streams reach the Western Province they were deflected north- 
ward along the coast. But it will be noticed that Acontim is 
fairly prevalent north of the Orange River, and Sepsina and 
Typhlosaurus also occur in the Kalahari and Rhodesia. The 
explanation is, I think, that the streams of invasion split on the 


Text-figure 85. 



Acontias 

Distribution of genera of Scincidse in South Africa. The four genera. Sepsina, 
Scelotes, Typhlosaurus, and Aeontiaa, are all more or less serpentiform aud 
it is noteworthy that they are mainly coastal. 

northern buttress of the Drakensberg and part went across 
Rhodesia, entered the Kalahari Desert, and suffered rather*badly 
in crossing it. 

Text-fig. 8fl gives the distribution of the members of the 
GerrhosauridsB. The degenerate forms are represented by 
numbers in circles, and it can be seen that a similar state of 
affairs exists here as in Scincidse — i, e., the degenerate forms are 
again situated round the periphery of the sub-continent. 



REPTILIAN DEQRNRRATZOK. 


941 


The Lacertidie contain« no degenerate forme, but of the Lacer- 
tidie TropidosauruB is the most primitive meml^r, and the author 
found a new species of that genus on the summit of Mont- 
aux-Sources, 11,500 feet, the highest point of Southern Africa. 

An interesting case arises in the Zonuridse, where the three 
degenerate species of Charnasaaura are all situated on the south 
of the watershed. 


Text-figure 86. 



© Tctrodactylus breyeri 12 C subtessellalus 

Diiitribution of the Gerrliosanridoj in South Africa. The species marked by 
numbers iu circles are degenerate. 

The degenerate genera mentioned above possess in most cases 
several species, and hence it is imperative to examine the dis- 
tribution-data of these species. 

The Distrihution of the Genua Acontias. 

In order to read correctly the distribution data it is necessary 
to determine which species of any given genus is the most 
primitive and which the most recent. In the genus Acontias 
this becomes fairly easy, in view of the fact that Acontias possesses 
a degenerate pectoral girdle which varies in its degree of 
degeneration in the various species. 

Proo. Zooi*. Soc. — 1927, No. LXII. 
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After dissecting xnany specimens ef Aeontias, I am convinced 
that the degree of degeneration differs in each species and may 
be used, moreover, in determining the species. In considering 
these degenerate organs, it is obvious that the one which has the 
most reduced girdle must be considered to be the newest species, 
and the one with the best developed girdle must be the oldest 
and most primitive. The figures of the girdles of the South 
African species show that the order in which they must be placed, 
commencing with the most primitive, is : — 

(1) Aeontias breviceps Essex. 

(2) Aoontias gracilioauda Essex. 

(3) Aeontias plumhem Bianc, 

(4) Aeontias lineatus Peters* 

(5) AeoTVtias mdeagris Linn* 

It is significant that the most primitive is the mountain-top 
form, and that the most recent is the widest in its distribution, 
stretching from Damaraland to Mashonaland and from the 
Transvaal to the Transkei. Of the intermediate forms Aeontias 
gracilieaioda is known from the Eastern Province, and, although 
I suspect its distribution to be wider than at present known, I am 
certain that it does not extend as widely as msleagris. Aeontias 
lineattbs occurs in British Kamaqualand and the western part of 
the Cape Province. There are various records of it from the 
Eastern Province, but I think it occurs very rarely, since I have 
taken at least two hundred and fifty Aeontias in the Eastern 
Province, but have not yet taken A, Imeatus there. 

Schmidt (‘ Herpetology of the Belgian Congo,’ 1923, p. 30) says : 

It is impossible to escape the conclusion that these burrowing 
Scincidse have developed in South Africa and that their ancestors 
were present at a time of union of South Africa and Madagascar.” 

There are in Ceylon three species of Aeontias^ two of them 
possessing reduced limbs ; in Madagascar there is one species. 

I have some doubt as to whether Ceylon Aeontias should be 
placed in the same genus as the South African ones, but, never- 
theless, it is a closely-related Seine and belongs to the same stock, 
and is progressing along the same evolutionary path . 1 think that 
it is more probable that the Ceylon species and the South African 
ones represent the ends of two divergent streams from an 
unknown centre, but whatever its ori'^dn I am inclined to believe 
that the Aeontias came to South Africa from a north-easterly 
direction, and the fiiat wave was Aeontias hreviceps, which, owing 
to the successive waves of A.Uneatiis and ui . found 

refuge on mountain-tops and is now almost extinct. 

It is more than probable that some members of this genus of 
degenerated Seines have become extinct, and one of ^e eon- 
•elusions arrived at after a study of these d^enerate forms is that 
the apparent discontinuity in Nature is due to the dying out of 
intermediate forms. 
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Ths Di^rihution of the Qenm Soelotee* 

The genus Soelotea includes the following species placed in 
order of degeneration : — 

(1) Sodctee ea^neie (pentadactyl)* 

(2) Sedates trtdactylus (eaffer) (tridactyl). 

(3) Scelotes bipes (two short hind legs). 

(4) Scelotes brevipes (two very short hind legs). 

(5) Seelotes guentkeri (two bud-like rudiments). 

(6) Sedates dnguina (no external trace). 

(7) Scelotes arenicola (no external trace). 

(8) Scelotes nataleiisis (no external traoe). 

ScBLOTVS OAPENsis is found in QU Namaqualand and on the 
west coast* 

SOELOTBS TRiDAorvLUS (cafiteb). Eastern Province and 

Bechuanalaud. 

Scelotes bipes. Western Province, Zululand. 

Scelotes brevipes. Mozambique. 

Scelotes ouentheri. Durban. 

Scelotes anouima. South-eastern coast. 

Scelotes arenicola. Mozambique. 

Scelotes natalensis. Natal. 

The genus Scelotes has given rise to several discussions with 
regard to the soundness of some of its species, and I am inclined 
to believe that the difficulty has been caused by the fact that some 
of the intermediates have not died out and hence some of the 
species are not clearly defined. However, the soundness of the 
species does not affect the consideration of the distribution-data. 
It is found that S. capensis, the most primitive member, is in the 
west, and that S, tridactylm is found in two widely-separated 
places — viz., the Eastern Province and Bechuanaland. The most 
degenerate are all found on the eastern coast, and, although they 
are not found in Phylogenetic order, it is noticed that the two 
most northerly species — arenicola and nataU'nsia — are also the 
two most degenerate, and hence the most recant. 

Again, one comes to the conclusion that the migratory wave 
came from the north-east and again split on the northern buttress 
of the Drakensberg, and although one cannot agree with Schmidt 
in regard to Acontias^ yet there is reason to believe that the 
evolution of S* arenicola^ S. natalensis^ and S. guentkeri may have 
taken place south of the equator. 


62 ^ 
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Th^ Distribution of the Oentis Chamaesaura. 

The genus ChomcBsaura possesses four species — (7. tenuior in 
Uganda, (7. oBnea in the Drakensberg Ranges, (7. anguina in the 
southern coast-beit, and 0, macrokpis in Zululand. 

Of the South African species 0, conea is pentadactyl, {7. anguina 
has one or two digits, while C. macrokpis has two hind limbs 
which when dissected show one or no digits. 

ChamcBsaura can be undoubtedly looked upon as the most 
primitive of the Zonuridae. Camp (Class, of Lizards) argues 
that if one assumes Ghamcesaura to be primitive one presupposes 
that the other members of the Zonuridie have evolved from 
degenerate stock. The argument is not quite sound. Chamcf’ 
acmra is a primitive Zenurid which became serpentiform to 
escape extinction, and the more normal Zonurids have evolved 
from similar primitive stocks which did not become serpentiform. 

Of the South African species we again find the most primitive 
on the high mountains, and the next in order has already reached 
the Cape Peninsula and driven G. cenea to the mountains. The 
presence of (7. cenea in Ziiluland cannot be explained as a third 
wave which will drive G, anguina to higher altitudes, but, I think, 
as a wave which started and became merely an isolated outpost. 
This Ghamasacmra stream came along the same path as the others, 
but at an early stage it branched and C, tenuior became isolated 
in Uganda — and a certain amount of degeneration has obviously 
taken place in Africa south of the Equator. 

Conclusions, 

1. Degradation is a gradual process. Discontinuity is the 
result of the dying out of intermediate forms. 

2. The main routes of migration into South Africa were ; — one 
along the east coast and one across Rhodesia to the South-West 
Protectorate. 

3. The most primitive members of any genus are found on the 
mountain-tops. 


EXPLANATION OP THE PLATES. 
PZATX I. 

Pig. 1. 8 eelote 0 caffer. 

2. Seelctes hipes. 

3. Scelotea anguina, 

4. Scelotaa hravipes. 

Plats 11. 

Pig. 1. Chamaaattra anguina. 

2. Phgllodactglua esaasoi. 

3. C&dura amatolioa. 


Plats III. 

Sketch-map of routes of expeditions. 
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P 11 A.TB IV. 

Fig. 1. Looking down from tbe krantz at Mont-aux*Sdurces on to the Tugela 
Eiver 2000 feet below. 

2. A view of the Krantz. 

Pla-TB V. 

Fig. 1. Looking up the Tugela Gorge at the krantz. 

2. Another view of the Tugela Gorge. 

Pla-TB VI. 

Fig. 1. Mont-aux-Sources, 12,000 feet. 

2. Tile plateau on Mont-aux-Sourcee, 11,000 feet. The river in the middle 
distance is the Tugela. 

Platb VII. 

Fig. 1. The expedition at the summit. 

2. The Reptile Sanctuary at Hounslow. 
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46, The Evolution of the Mammals in the Eocene. 

By W. D. Matthew, F.R.S."^ 

[Received July 20, 1927 : Bead HoTember 15, 1927.] 
(Text-fi/i^ures 1-16.) 

The Tertiary Period is very appropriately known as the age 
of mammals. During that period the Mammals, previously a 
minor and unconsidered element in the land fauna, blossomed 
out into a great diversity of size, form, and habits, assumed the 
dominant position that had previously been held by the reptiles, 
and gave rise to the various existing kinds of higher quadrupeds 
as well as to numerous extinct races. The Eocene epoch, the 
early part of the Tertiary, witnessed the beginnings and early 
development of this great expansion, and is of particular interest 
to anyone trying to understand its nature and causes. A great 
deal of new evidence has come to light in recent years, through 
explorations in the Western United States and Canada, in 
Mongolia, Burma, and elsewhere, as well as through new dis- 
coveries in the older fields of Western Europe. Some of this 
evidence has been published or partly so ; much of it has not. 
1 have been so fortunate as to have had the opportunity to see 
and to study practically all of this new evidence, and in the 
following pages will attempt a brief outline of its salient points 
and the conclusions to which it seems to lead. 

It is generally agreed that the origin of mammals was from 
the Theromorph reptiles of the later Palaeozoic, and that among 
the Permian theromorphs of South Africa are to be found a 
number of small reptiles that may well have been the direct 
ancestors of the mammals. Sauria, Ictidopais^ etc., of the Upper 
Permian Karroo beds, have many mammalian features in 
teeth, skull, and skeleton, but have not yet the full status of 
mammals. The Upper Triassic DromcUherium and Microconodonf 
classic examples of the earliest of mammals, appear also to be 
rather pro*mammalian reptiles than true mammals t ; but they 
are known only from the two lower jaws (three originally, but 
one disappeared) found by Emmons in 1857 in a coal mine near 
Raleigh, North Carolina. MicrolesUs from the Upper Trias of 
Germany is even less known, a few isolated teeth being quite 
insufficient to determine its characters of affinities. Perhaps it is 
truly a mammal, but no one really knows of what branch or 
evolutionary stage. 

Our practical knowledge of mammals, then, begins with the 

• Commmiicstpd by Prof. E, S. Goodeicb, P.R.S., P.Z.S. 

t Sim|won, 1926, Amer. Joura. Science, vol. xii. pp. 87**108. 
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Juta&usic and Cretaceous, about the later half of the Age of 
Reptiles. The Jurassic mammals have been recently very 
thoroughly and critically revised by Mr. G. G. Simpson ; I shall 
not attempt to summarize his conclusions, even to the extent to 



Progressive differentiation of the orders of Mammals during the Mesozoic and 
Tertiary. The orders were already distinct at the beginning of the Tertiary, 
although not so diversely specialized as they are to>day. 


which I am acquainted with them, but will merely say that all 
tihe Jurassic mammals are of minute size and known chiefly from 
upper or lower jaws, repiesenting a iiuinbev of quite distinct 
groups or orders, among which may be the ancestors of the later 
mammals along with others clearly belonging to side branches. 
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Of these side branches the only one that needs any note l»ere is the 
Multitnbercuiata, an order of mainmals that Nourished in the 
Jurassic and Oretaoeoits^ and survived into the beginning of 
the Eocene, its affinities have i>een much disputed — regarded by 
some authorities as Marsupial, by others as ancestral to the 
Monotremata. Our present view is that the order represents 
sepamte stock or subclass of mammals, independently ilescende 
from the Theromorph reptiles, and co-ordinate with the Proto- 
theria and Eutheria, The deciding evidence for this view rests 
chiefly in the structure of the pelvis, hind limb, and hind foot, 
known from fairly complete specimens in the Paleoceneof Montana 


Text-flgure 2. 



Skull 1111(1 jaws of a primitive placental mammal from the Cretaceous of Mongolia. 
Note the long iiisectivore-like pro])ortion8 and simill brahi-case. Kecon- 
structed by Gregory and Simpson, 19*26, 


and New Mexico. The skull characters described by Gidley in 
Ptilodus, by Broom in Tmiiolabis, suggest affinities in some 
respects with marsupials, in others with monotremes, but can be 
consistently interpreted in conformity wit) i the present hypothesis, 
which is the only explanation apparent of the curiously cynodont- 
like pelvis with its narrow-keeled pubo-ischial symphysis. 

Cretaceous mammals have until recently been known only 
from isolated teeth and a few jaw fragments found in the upper- 
most Cretaceous**^. The only positively identifiable specimens 
among these appeared to be marsupials and multituberculates, 
and this was also true of the few positively identifiable specimens 
Trom the Upper Cretaceous of the Red Deer River in Alberta. 
It was nevertheless quite possible that some of the small isolated 
teeth might belong to placental mammals. 

* Lance formation. “P Tertiary ** of the U.S. Geological Survey official publica- 
tions, but regarded by everyone else as Cretaceous. 
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Tbe American Museum Expedition in Mongolia fortunately 
secured in 1^24 a series of skulls of small mammals from one 
of the Oretaceous dinosaur deposits One of these is a multi*^ 
tuberculate; the others are small placental mammals that probably 
represent, in a general waj at least, the ancestral type from 
which the early Tertiary mammals are descended. The multi- 
tuberculate calls for no especial comment ; it is nearly related, 
so far as one can judge, to FiUodus and its allies of the late 
Oretaceous and Paleocene faunas. The others are of a type 
somewhat intermediate between primitive Insectivora and primi- 
tive Carnivora. The skull has the long, almost tubular middle 
region of Insectivora, the reduced incisors, enlarged, sharp- 
pointed canines, cutting pi'emolars of Carnivora, and the molars 
of a pretritubercular type approaching the zalambdodont Insec- 
tivora, but equally near to the early creodonts or primitive 
Carnivora. In one genus the last premolar is molariform, in two 
others it is simple ; both conditions are matched among early 
Insectivora and creodonts. The molar pattern shows a high 
sharp pair of twin conical cusps, rather closely connate, the para- 
cone and metacone of the tritubercular tooth, an angulate inner 
crescent, the protocone, and two strong ridges, the parastyle and 
metastyle, running outwards to the external angles of the tooth. 

The metastyle is lacking on M- . The fourth premolar is like the 
molars, save for less separation of the para-metacone and less 
extension of the protocone ; in the anterior premolors the proto- 
cone disappears, the para-metacone is a single cusp, the styles 
reduced to small heels at the front and back of the tooth and 
then vanish, leaving only the single central cusp. This series, 
followed from front to back, gives obviously the evolution of the 
molars of these Cretaceous placentals, and the further change 
from these into the normal tritubercular teeth of Insectivora 
and of creodonts, and thence in diverse lines of specialization 
into the various types of molars of Tertiary and modern mammals 
is easily followed. It is not to be assumed, however, that all 
mammalian molars have followed through an exactly similar 
line of evolution. I shall instance one or two partial exceptions 
later, and there are others certainly or probably which have 
followed a somewhat different course. The zalambdodont Insec- 
tivora represent a partial reversion from the stage here shown. 
Their high central cusp is quite certainly the conjoined paracone 
and metacone, and not, as Cope and Osborn supposed, the 
protocone t. 

The lower teeth of these Cretaceous placentals are equally of a 

^ Simpson, 1926, A. M. Novitatos, No. 201$ Gre^rory and Simpson, 1926, A.M* 
Novitates, No. 226. 

f This misunderstanding of the zalambdodont molar lies at the back of the one 
serious error in the otherwise admirable Tritubercular theory, causing the protocone 
to be regarded as the primary cusp of the tritubercular tooth. The central cusp 
of the zalambdodont tooth i§ the primary cusp, apparently and demonstrably, but 
it is not the protocone. 
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tjrpe from wbieh those of Paleooene mammals can be deriTed. 
The molars have a high trigonid of two twinned cusps, protooonid 
and metaoonid, a lower but prominent paraoonid in front, a still 
lower crested and pointed heel of a single cusp, the hypoconid. 
In the premolars the high twinned protoconid and metaconid 
are represented by a single cusp, the paraconid by an anterior 
and the hypoconid by a posterior ‘^heel/' and the progressive 

simplification down to the single-cusped and single- rooted is 

well shown. 


Text-figure 3. 
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Upper teetb of primitive placental mammals from the Cretaoeons of Mongolia, 
showing the insectivore-creodent pattern from which the teeth of 'I'ertiary 
mammals may be derived. After Gregory and Simpson. 


These new Mongolian discoveries show then the ancestral type 
from which our earliest Tertiary mammals were derived. They 
are unfortunately not so well preserved that all the details of 
their skull structure can be ascertained. They have a small 
brain-ease, the brain presumably of low type and without convo- 
lutions, the sagittal and occipital and lambdoid crests well 
developed, no postorbital processes to speak of, the orbit not 
being separate from the temporal region ; the zygomatic arch is 
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complete but slender, the eorouoid process broad and abort — all 
conformant with a gi eat development of the temporal and pterygoid 
muscles but relatively slight development of the masseter. This 
is the construction found among many modern insectivora. 

Nothing is known as yet of the skeleton of these Cretaceous 
mammals, and but little of their habits. So far as the Mongolian 
fossils are concerned, the formation in which they. occur is a 
wind-blown sand, and they are associated with nests and eggs of 
dinosaurs, with a number of different kinds of dinosaurs, car- 
nivorous, armoured, and especially abundant cei*atopsians, some 
lizards and small crocodilians, all the fauna such as one might 
find in a sand-dune area not very far from water. What the 
mammals were doing tliere is hard to say. Possibly they came 
from nearby swamps or forests to prey upon the small animals 
that would be attracted by the ddbris of a dinosaur nursery. 

With this exception the Mesozoic mammals are found in 
association with a swamp fauna, and may be supposed from their 
occurrence and their general resemblance to modern arboreal 
and forest-living animals to have been tree-dwellers in the main, 
analogous to the modem opossums, tree-shrews, squirrels, etc., 
which in one way and another retain so much of the primitive 
mammalian character. 

Such, then, were the ancestors from which our earliest Tertiary 
mammals were descended. We now turn to an examination of 
the first beginnings of mammals in the Tertiaiy, the so-called 
Basal Eocene or Paleocene faunas. 

The importance of the Paleocene is hardly yet generally appre- 
ciated, and its title to rank as a distinct division or epoch of the 
Tertiary is not yet conceded by many, even of the vertebrate 
palaeontologists, still less by the old-fashioned geologist. This is 
partly becau.se tlie Paleocene faunas are still very imperfectly 
described or known to science, and partly because of an unfortu- 
nate early mistake as to the proper content of the term Paleo- 
cene. As originally defined it w’as made to cover not only the 
true Paleocene floras and faunas then very slightly known, but 
also the lower part of the true Eocene. This was an unnatural 
association, and the division was artificial and unnecessary. In 
the more limited understanding here attached to it, and as used 
by a number of recent writers, it comprises the time between 
the end of the true Cretaceous and the beginning of the Sues- 
sonian, Wasatch, or Lower Eocene, properly speaking. 

It is not necessary here to discuss the stratigraphic status of 
the Paleocene, or its connotation in the marine faunal succession 
between Cretaceous and Tertiary. We are here concerned only 
with its terrestrial vertebrates, and particularly the mammals. 
The Paleocene faunas cover the time between the final extinction 
of the dinosaurs and the first appearance of the principal orders 
of Tertiaiy and modei’n inainnials. There are three horizons, as 
follows : — 
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^<**^**‘"®* France. Mou»?oUa. 

Upper Paleocene* ... Tiffany. 

Middle Paleoceue ... Torrejon 
XK)wer Paleocene Pucsrco. 

The outstanding characbei* of the Paleocene matninai faunas is 
this : They do not contain the ancestors of the principal orders 
of Tertiary and modern mammals, but diversified and rather 
specialized representations of more ancieiit orders which became 
extinct at the end of the Paleocene or lingered through the 
Eocene and then finally disappeared. 


Clark Fork. Cernayaian, 

Fort Union. PGaabato. 


Texti-figni e 4 




Upper teeth of Miiltituberculate iinmiinalR of the Paleocene. Specialized 
survivors of a Mesozoic order. 


In other words, the Paleoceiio inarnmals belong to Cretiiceoiis 
ordeis. It is essentially the culmination of a Cretaceous iriammal 
fauna, although living in the beginning of the Tertiary period as 
the lines are usually drawn. 

The only modem orders are marsupials and Insectivora, which 
originated far back in tiie Mesozoic, and Carnivora, which are 
essentially Tei*tiaiy, but represented in the Paleocene by very 
primitive and archaic types. At the end of tlie Paleocene appear 
also a number of small Primates and primate-like Insectivora, 
more or less related to the modern tarsiers and tree-shrews, but 

♦ The Tiffany fauna it found in the basal betis of the Wasatch formation^ The 
Clark Fork fauna has in part the same relation ; elsewhere it appears to be the upper 
part of the Fort Union formation. The Fort Union underlies the Wasatch in places, 
and overlies the latest dinosaur beds (Lance). The Torrejon underlies the Wasatch, 
and the Puerco underlies the Torrsrjon and overlies very late dinosaur beds (Qjo 
Alamo), Stratigraphic and faunal breaks are not always conformant. There is no 
real reason why they should be, although many geologists seem to think it necessary. 
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knowB only from upper and lower jaws, eo that their evolutional 
etage and affinities are not really known with certainty in spite 
of very positive statements made about them. They may yet 
prove to be sub-primates or pseudo-primates. 


11. Conspectus of Paleooene Mammals. 


1 . 




Last xui/iituberoulatibs. < 


[ PtiloduB etc. 


Larger; premolars 
reduced. 

Smaller; catting 
premolars. 


Pseudo-rodents with gnawing front teeth, grinding molars, 
premolars vestigial in Tctniolctbia^ but a large cutting lower 
premolar in PtUodbia. Broad, triangular skull. Narrow, 
deep pelvis like tberomorph reptiles. Five toes ; astragalus 
is small, dat, like some marsupials. Remnant of a fifth 
distal tarsal, external to the cuboid, ?. 


2. Marsupials are small, scarce, related to opossum, but teeth 

are more typically tritubercular in that the paracone and 
metacone are of equal size. They are a remnant probably 
of Oretaceous marsupials, but too imperfectly known to 
show whether they are closely related or not. 

3. Orbodonts or Primitive Carnivora. 

A. Oxyclienids — Deltatherium^ ChriacuB^ Oxyclcenus. 

The teeth are primitive tritubercular, not unlike those of 
lemurs. The skeleton is of primitive carnivore type — 
slender limbs, long tail, long slim body, plantigrade five- 
toed feet with long phalanges and sharp claws. Brain 
smaller than in later carnivora. 

B. Arctocyonids — Clomodon^ Protogoiiodon. 

Flattened crowns on teeth, somewhat bear-like. Skull 
and skeleton on same lines as Oxyclsenids, but more massive. 

C. Miacids— Didymictis^ 

This family is ancestral to true carnivora ; true carnassial 

pi 

teeth , and first appears in the Middle Paleocene with 

Mj 

the single genus DidymictU, 

* D. Mesonychids — Disaacua, 

No shearing- teeth, round high-pointed cusps, peculiar 
feet with more comj^t metapodials, a curiously artiodactyl- 
like construction of the tarsus; the gait was apparently 
digitigrade. 
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4« OoKPTifABTBS. Tetto^lomodon. Foor-cusped symmetry of 
molars. 

Orushing pig-like teeth, with six round cusps on upper 
molars, four on lower. Skeleton very like that of the 

Text-figure 5. 


( 5 ? 


Hemithlaeas 





Tricentes x j 



Tctraclcfenocton x j 

Upper teeth of Paleooene tritaberoulatos. and Betoconus are Lower 

Paleocene Taligrada. family Periptyohidse ; Trie^ntet a Middle Paleocene 
creodont, family OxyclsenidaB ; Tetraelmnodon a Middle Paleocene oondylarth 
family Pbenacodontidte. 

creodonis, claws somewhat broadened, and feet compacted, 
digitigrade, the side toes reduced. This animal is the 
direct ancestor of Phsncmdm of the true Eocene. 
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o. Talxobabbs. Eotoc(mu8f Periptychm, 

Ilaploconus^ A^iisonchus, etc. 

Pantolamhda^ Mioclos^iUB, 

Ellipsodon. 

Molars mostly of crusliing type with round cusps ; in 
Pmitolamhda sharply crescentic. Always a triangular sym- 
metry on upper molars. Premolars enlarged in Feriptychus 
and smaller relatives and in Mioclcenusy but not in other 
nearly isolated genera. 

All five-toed, plantigrade, digits shortened in the larger 
genera and very short in Pantolamhda^ which is related to 
the Amhlypods. Hoofs, not claws, on the toes in the 
larger genera, unknown in the others. 


Text-figure 6. 



Upper teeth of Paleocene Insectivora. Early representatives of the 
zalambdodont and erinaceoid groups. 


These are the most abundant animals in the Paleocene, 
but have no descendants in the Eocene. 

6. Amblypoua. Prodhioceraa in Wyoming and Mongolia. 

Ancestor of uintatheres of Middle and Upper Eocene* 
The pattern of the upper teeth in these dinocerata is very 
curious. It appears to be wholly lacking in protocone, 
according to one possible interpretation ; but it can also be 
interpreted as with tritubercular molars. 

7. Insectivoeeb. 

PoloBolmtei. Trituberculai* teeth, molariform Pf , related 
to Leptictidss and ? hedgehogs. 
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Pakooryetes, Zalambdodont teeth, akeleton unknown. 

Two or three other genem related to Palasolestes^ but 
little known, including Myrmecohaides, which is not a 
marsupial but a leptictid insectivore. Skeleton of PalcRo- 
lestes is primitive insectivore, shown by tibia and astragalus 
and short toes. Here also belong 

Onychodectea and Conoryctea^ transitional in some ways to 
Tasniodonta. 

8. TiEi^ioDONTA. Wortmania and Paittacotherium. 

Aberrant group paralleling ground -sloths. 

Whether the Taeniodonta can be considered a suborder of 
Edentata is open to question, but, if so, their relationship is 
more distant than that of the PhoHdota. Mere probably 
they have none beyond a common descent from Cretaceous 
pre-Insectivora. 

9. Menotyphla. 

PlesiadapidsB are semi-Primates with enlarged, somewhat 
rodent-like incisors. 

Nothodeotea^Pleaiadapis. 

This genus is known from several incomplete skulls and 
parts of the skeleton in the Upper Paleocene of Colorado, 
There are several other genera known from jaws or parts of 
jaws only which appear to be nearly related. The skull and 
skeleton characters of “ Kothodectea ’’ come nearest on the 
whole to tree-shrews, but approach the lemurs and tai’sioids 
bo some extent. A fairly strong argument could be put up 
for inclusion of this genus and all the plesiadapid group 
in the order Primates, although not, I think, for associating 
them with Chiromya^ as is done by so high an authority as 
Stehlin. Chiromya appears to be a true lemur, aberrant 
only in the rodent-like incisors, a parallel specialization 
to the Plesiadapidte, but in all probability of much later 
origin. 

10. Tarsioid Primates. 

Appear in Upper Paleocene, several minute genera, known 
only from upper and lower jaw fragments. Primate-like in 
teeth, but it is yet to be proved that they are really in 
a primate stage of evolution in skull and skeleton or 
in brain-characters. 

11. Ohiroptbra. 

Zanyoteria^ front of skull. Related to Phyllostomine bats. 
Borne doubtful wing-bones associated. 

These Paleooene faunas are of great interest as being the 

oldest large and adequately known mammalian faunas. They 
Pboo. Zuol. Soo,— 1927t Ho. LX III. 63 
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are nearly all very primitive, with low-crowned teeth, trituber- 
cular molars, generally unreduced dentition, five-toed plantigrade 
feet, small brain-case, and many primitive characters in skull and 
skeleton. When first discovered by Cope, it was anticipated that 
they were the ancestors of the Lower Eocene mammals ; Osborn 
pointed out later that this was true only in small part, and 
regarded them as representing a Mesoplacental ” adaptive 
radiation^ in contrast to the “ Oenoplacental radiation which 
resulted in the higher mammalian orders. Like most generaliza- 
tions this was inexact, but it has been substantially confirmed by 
later studies. These Pal eocene mammals belong mostly to 
extinct orders. The inulbituberculates and the numerous kinds 
of Taligrada disappear at the beginning of the Eocene. The 
oxyclasnid and ai‘cbocynid creodonts and the pheriacodont condy- 
larths last through the Lower Eocene, the mesonychid creodonts, 
the Dinocerata, and the Taemodonts until the end of the Eocene, 
while insectivores, marsupials, bats, primates, and the miacid 
pro-Carriivora survive to the present day. But the bats and 
primates appear first in the Upper Paleocene, the miacids 
only with a single species in the Middle Paleocene, and there is 
nothing, as we shall see, to represent the ancestry of the greater 
part of the Eocene and later Tertiary maVnmals. 

Tlie three successive faunas of the American Paleocene — 
superposed stratigraphically, so that there is no question as to 
their sequence — enable us to trace the progressive evolution and 
specialization of many phyla, the appearance of some, the 
disappearance of others, the modification from one stage to 
the next of those that pass through. Examining many hundreds 
of specimens for identification and cataloguing, one is im- 
pressed with the fact that in old and unprogressive phyla 
approaching extinction the species characters are much more 
definite and fixed, the species vary but little and are easily 
distinguished, in contrast with new, progressive, and rapidly 
expanding groups, in which individual variation is rampant and 
species very difficult to distinguish. 

In Europe tVie only Paleocene fauna is the Oernaysian of 
northern Prance, which appears to correspond with the Upper 
Paleocene of America, and in large part consists of identical op 
nearly related genera. Like the American Paleocene, it fails 
to show the ancestors of the greater part of the Tertiary 
mammalia. 

It had been expected that the ancestry of the Eocene mam- 
mals would be found in Central Asia, but the newlv-discovered 
Paleocene fauna of Mongolia is of curious and unexpected type. 
It contains a small multituberculate Prionesaits^ related to the 
Upper Cretaceous Meniacoesms \ a little animal, Eurymylua^ 
possibly related to the tree-shrews ; a supposed Taligrade, Phena- 
aolophua^ and a very small supposed Oreodont, Hyraecleatea ; 
a large zalambdodont Inseotivore (un-named) ; and one or two 
. other doubtful forms, none at all nearly related to the European 
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or North Amjerican Paleocene animals, atill less to tho 
Eocene or later faunas. But the most abundant animal is 
a tiny notoungulate, PalmBtylopa^ related to ceii»tin of the 
peculiar ungulate animals of Tertiary South America. The 
disooveiT’ of this animal, ancestral to a part of the South 
American Eocene mammals, in a fauna that does net contain the 
ancestors of the North American Eocene mammals, would be 
more puzzling were it not for our finding some years ago in 
the Lower Eocene of Wyoming a single lower jaw {Arctoatylop^ 
steini) which is evidently a direct descendant of the Mongolian 
Falatostyhps^ and is in turn more primitive and at least in a 
broad way ancestral to Leontinia and its allies of the South 
American Eocene (probably Upper Eocene, although regarded by 
Amegbino as Oretaceous). This suggests that these South 
American Eocene ungulates really came from North America, 
although for the most part their ancestors have not been found ; 
and that in turn the North American and European mammals 
came in large part from Asia, although we have not found them 
in the known fauna. 

III. The Eocene Mammals. 

With the beginning of the true Eocene comes in a great new 
mammal fauna. It appears quite suddenly, apparently due to a 
great invasion which brings in for the first time the direct or 
nearly direct ancestors of the principal groups of Eocene and 
later Tertiary mammals — that is to say, the Perissodactyla, 
Artiodactyla, rodents, edentates, and unmistakable primates. 
As we have seen, some* forerunners of the Carnivora and 
Primates and the earliest recorded Chiroptera had already 
appeared in the later Paleocene, but now the more progressive 
creodonts and the typical lemuroid Primates appear in force. 
The Lower Eocene fauna is best known from the Wasatch and 
Wind River formations in Wyoming and New Mexico, but the 
European Lower Eocene of the London Clay, the Paris Basin, and 
southern Belgium, so far as it is known, is identical — that is, 
all the European genera are found in Nort)^ America. This 
is only explainable as the result of a great migration from some 
common source, intermediate geographically. Atlantis if one 
prefers an imaginary continent, Asia if one prefers a really 
existing one, xnay be regarded as this centre of dispersal. South 
America, Africa, and Australasia are out of the question, for the 
new faunas did not reach any of those continents until later — 
have hardly yet reached Australia. 

Wherever they come from — a point we shall return to later — 
these new groups of mammals were already well distinguished as 
orders. The perissodactyls had alreadly the typical perisso- 
dactyl astragalus fully developed, and their teeth already show 
the fundamental pattern of the perissodactyl molar. They have 
four digits in the front foot, no remnant left of the pollex, and 
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in the hind foot only three complete digits, but small splints 
representing the missing first and fifth. 

The artic^actyls similarly show a fully- developed artiodactyl 
astragalus, and considerable reduction of the side toes on 
an artiodactyl symmetry ; but their teeth are very primitive — 
still tritubercular in type. The rodents again have the astragalus 
typical of the order and the even more characteristic gnawing 
incisors fully developed, with as much reduction of the other 
front teeth as in the more primitive of the modern rodents. 
And the lemuroid Primates likewise display the ordinal 
characters — the large opposable thumb and great toe provided 
with nail instead of claw, the reduction of the incisors to 
the long, slender, straight limb-bones and various other skull and 


Text-figure 8. 



Skull of Diacodtm^ an eriimceoid insectivore (family Leptictidse) from the 
Lower Eocene. Descendant of Falaole$tes of the Faleocene. 

skeleton cbaracters. The ordinal cha meters of the new groups 
are well developed. But beyond this they have not gone; the 
families are not yet differentiated, 

lY. Conspectus of Lower Eocene Mammals. 

1. MULTITUBEaCULATBS. 

One specimen, Eucosmodon sp., survives into the begin- 
ning of the Wasatch. 

2. Marsupials. 

A few jaw-fragments of small species related to the 
opossum have been found. 
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8. Oebobonts. 

A, Hyeenodonts. Sinopa abundant. 

Unreduced tuberculo*sectorial dentition, camassial teeth 
M?. 

B. Oxysenids. ProUmnocyon^ Dipmlidiclis. 
Tuberculo-sectorial dentition , carnaasial teeth M I , molare 

behind them reduced or absent ; molar formula M t?. 

Oxycma» 

Larger, more sectorial teeth, M? transverse, M - absent. 
Palceonictis, Amhlyctonus. 

Shorter face, high piercing cusps, M? vestigial, M? absent. 
0. ArctocynidsB. Armcodon. 

Last survivor of the family. Flattened tiibercidsr teeth, 
sabre>like upper canines. 

D. Mesonychidse. PcLchyoma and JDissacua* 

Larger, more specialized survivors of the Paleocene 
MesonychidsB. 

E. Miacidse. Carnassials P-, M-, as in modern Carnivora* 
Didymictis and Fmrravus; viverroid teeth ; M?. 

MiaciSy Vtilpavus, Vassacyo?i, Uintacyon. Ancestial 

to true Carnivora. M|. Skeleton in Didymictis more 

running type, brain smaller. In Miacis group tl)e skeleton 
is more of a climbing type, the brain well developed for 
an Eocene carnivore. 

4. CONDVLARTHS. 

A. Phenacodus is a descendant of Teiraclcenodon. 

Five toes, but lateial digits are reduced, Teeth develop 
accessory cusps, polybuny. Brain very small, no convolu- 
tions. Ungual phalanges are small flattened hoofs, the 
toes shoil;, foot compact, head relatively small, tail long. 
Mostly of larger size omnivorous terrestrial animals adapted 
for walking and running. 

B. JJyopsodus has gone in the opposite direction, a small 
animal about the size of a hedgehog, with simple six*cusped 
teeth. Has been considered a Primate, and also an Insecti* 
vore, but real aflinities seem to be with the Condylai^ths, 
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though it 18 clawed, not hoofed. Thk is the most abundant 
animal in the Eocene, and is reg8.rded as semi-arboreal, like 
the tree-shrews. 

0. Meniacotherinm : short head, crescentic cusps of peculiar 
pattern; possible relations with the Kotoungulata. Heeds 
critical re-study and comparison with Hyracoidea. 

5. Amblypoua. 

These take the place of the Taligrada, though much more 
specialized, and not direct descendants. 

A. Bathyopaia, Descended from Paleocene Prodinocerm, 
The molars are small, of a peculiar pattern ; large dagger*like 
upper canines ; the skull shows small bosses prophetic of the 
horns of Umtatherium, 


Text-figure 9. 



Mt nisco tiaTium x | 



Phtna c o d u s 


Upper teeth of I.ower Kiicene coiulylmthe. Phenaeodtts is a descendant of 
Tetracleenodon of the Paleocene. 


B. Coryphodon, Larger teeth, front teeth of Hippo- 
potamus-like pattern, elephantine feet and legs. The 
largest animal of tlit* Lower Eocene. Coryphodon is related 
to Pantolcmhda of the Paleoi^^ne, but not a direct des- 
cendant. 

6. Pekissodactyls. 

These appear suddenly and in great abundance at the 
beginning of the true Eocene. Ordinal characters are 
already well defined, but family characters are not yet 
ilifierentiated. 
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EbUppm. Commonly known as the four-toed Horse, but it 
might also stand as ancestral to tapirs, rhinoceroses, titano* 
Uxeres, etc* Homogalax is said to be ancestral to tapirs, but 
it is doubtful whether it is any more related to them than is 
EohippuB. Htptodon^ which appears a little lator, is a 
little nearer to^ the rhinoceroses* But probably none of 
these genera is directly ancestral to the later Tertiary 
Perissodactyls, and all of them are more or less approxi- 
mately so. Eohippua has toes four-three, with traces of 
digits one and five on hind foot, but no trace of the missing 
toe (pollex) on the fore foot. Homogalax and Heptodan are 
practically indistinguishable from Eohippua in the feet. 
Front teetli are alike in all of them, and so with other parts 
of the skeleton that are known. Fibula is complete and 
separate from tibia, and radius and ulna are entirely 
separate. 

7. Artiodactyls. 

IHacodeoda is a tiny animal, about the size of a rabbit, 
with primitive bunodont, tri tubercular teeth. So primitive 
that it has been referred, at different times and under 
different names — Pantoleatea, Trigonolestea^ etc. — to Pri- 
mates, Creodonts, Insectivora, and was positively recognized 
as Artiodactyl only by the characteristic liind-foot bones 
associated with the teeth. The astragalus is quite unmis- 
takably artiodactyl. The toes are probably tour-four, but 
the side toes in the hind foot are reduced to slender vestiges ; 
in the fore foot they are still good-sized. This would 
exclude Diacodexia from being ancestral to all Artiodactyls, 
as several families of this order have four well-developed 
toes on each foot, and even a complete pollex is prdfeent in 
some of the genera {Oreodon^ Aucodua^ etc.). There are, 
however, other larger genei-a of Artiodactyls in the Lower 
Eocene which appear to be nearly related to Diacodexia^ but 
only the jaws are known, and some of these might have the 
toes unreduced. It seems, therefore, that the Artiodactyls 
in the Lower Eocene, like the Perissodactyls, had not yet 
separated out into families, though the order was well 
differentiated. 

B. Eodents. 

Represented in the Lower Eocene by Paramya^ which has 
short-crowned teeth of squirrel-like pattern and a skull 
much like that of a squirrel or marmot, but with the 
antorbital region like that of the dormice. This I regard as 
the primitive type from which all our simplicidentate 
rodents may be derived The limbs and feet are squirrel- 
like, the toes four in front and five behind. The rodents 

* Miller and Gidley do not accept this interpretation, but Scbenb's recent work on 
the Cricetidse appears to support it. 
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appear to be derivatives of insectivore stock well back in the 
Cretaceous# 

9. Edbktatss. 

Apparently the beginnings of the Edentate stock in the 
genus Palmcmodon. Cheek-teeth reduced to a row of small 
peg-like enamel-less teeth, probably but not certainly a larger 
canine in front with enamel on the front. Skull and skeleton 
have the peculiar cliaracters of armadillos and pangolins 
in a much less advanced stage — only one step removed 
from Insectivora, so that it might be a question whether 
they really are Edentates or only edentate-like Insectivores. 
However, they are certainly ancestral to Metacheiromys of 
the Middle Eocene, which is so definitely armadilloid in 
skull and skeleton that I think it is hardly open to reason- 
able doubt, although it cannot be directly ancestral, at least 
to the armadillos. If Falo&anodon is a true Edentate, it 
points to the derivation of the order from primitive Insecti- 
vores of the late Cretaceous. 

10. TiGNioDONTA continue on from the Paleocene, a curious 
specialized group of disputed relationship. They parallel 
the ground-sloths in adaptation, but probably are not 
Edentates. Thornton CaHer’s evidence on enamel structure 
indicates that they are not near to any other placentals. 

11. Insectivora. 

Not very much known because of the fragmentary 
material, but there seems to be a considerable variety of 
them. The Leptictidee continue on from the Paleocene, and 
there are several other types of very uncertain relationship, 
placed here for lack of a better place. 

12. Menotyphla. 

The modern Tupaiidas. A considerable number of small 
mammals in the Lower Eocene seem to be intermediate 
between Tupaia and Taraius, Not enough is known of 
their skulls or skeletons to be sure whether they are 
Menotyphla or true Primates. Family Plesiadapidte. 

13. Primates. 

True lemuroid Primates are certainly represented by 
Pelycodus, Like its successor Notharctua of the Middle 
Eocene, it has only two incisors, and many lemur characters 
in the teeth and skull, and the skeleton quite of Primate 
type, with the opposable hallux and pollex, nail-bearing and 
of larger size than the other digits, primate astragalus, 
and long slender limbs. This group of true Primates 
appears suddenly in the Eocepe and has no known 
Paleocene predecessors. The tarsioid Primates are certainly 
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represented by Teionim and probably by Omomys and other 
genera, and, «s we have seen, these Tujsiids seem to have 
made an earlier appearance in the Paleocene and to be 
connected with the Plesiadapidse, which bridge the gap 
between tree-shrews and Primates. 

14. Tillodokts are another group of uncertain relations, pro- 
bably not far from Insectivora, appearing first in the 
Lower Eocene as Esthonyx. J'hey parallel the rodents in 
some ways, enlarging front teeth into gnawing incisors, but 
are not related to them. 

These Eocene mammals aie partly descended from the Paleo- 
'Jene fauna — some of the Condylarths, some of the Oreodonts, 
some of the Anihlypods, some of the Insectivores, etc. Tl«ese 
are mostly larger and more specialized than their Paleocene 
ancestors. But tlie greater part are new invaders that must 
have evolved in some other, unknown, region and appear first in 
North America and Europe at. the base of the Wasatch or 
Spam a ci an stage. These invading groups are the Perisso- 
dactyls, Artiodactyls, Rodents, lenuiroid Primates, Tillodonts, and 
Edentates. 1'hat is to say, they are the orders that play the 
principal part in the Tertiaiy histmy of mammals, and include 
nearly all the existing mammals except Carnivora and Chiroptera. 
It is fair to say that the principal orders of modern mammals 
appeared first at the beginning of the true Eocene, and that this 
is the point where the Age of Mammals really begins. The 
Paleocene fauna is mostly composed of survivals from a 
Cretaceous mammal evolution, some of which linger through the 
Eocene, but it does not contain the ancestry of the modern 
mammals. 

The first evolution of these Tertiaiy orders of mammals must 
have taken place in some region unknown to us, perhaps Asia or 
variotis parts of the northern Holarctic. They appear in the 
Lower Eocene, wdtli the ordinal characters already distinct. But 
the ^family characters have not yet evolved, and these family 
characters were differentiated during the Tertiary. Among 
Perissodactyls tliey were diflerentiated during the Eocene. 
Some of the Artiodactyl. families can be traced back into the 
Eocene, most of them arose later, and the same holds true of the 
Rodents, Carnivora, and Primates. 

Evolution of Mammals through the Eocene. 

We are able to trace the successive evolutionary stages of 
many “ phyla (lineages) in North America and Europe. 
Staiting from a common source in the Lower Eocene fauna, 
they become progressively divergent and specialized into several 
families by the end of the Eocene. The faunas of Western 
Europe and of North America, almost identical at the beginning 
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of the Eocene, have become quite distinct by its close, evolving 
on more or less parallel lines, but into distinct groups. 

Some of these phyletic series are well known. The ev^olution 
of the Four-toed Horses, or Hyracotheriines, has been traced in 
America through successive stages in the Lower, Middle, and 
Upper Eocene — Eohippns, Orokippna, Amimppua^ and Epihippus^ 
— the progressive molarization of the premolars and some 
reduction of the lateral digits being well shown. On one side 
of this Hyracotheriine series a somewhat less satisfactory 
series leads up through llepiodon^ Uyraehyus^ Amynodon^ 
CcBnolophua, aiid other genera into the rhinoceroses, and, on the 


Text-figure 10. 
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Lcmtdf>tJfcrium 

Lower Koceno PerissoductyU — anf<‘-lral to lie Kcjuidte, Howocfalaa' 
related to the 'Papirida*, and Lamhdotherivm ancestral to Titaiiothenid®. 


other side, a series through Lamhdotherium^ Eotiitwopa, Palato- 
ayopa, 'Telmatherium , Biplacodon^ and others into 2\tanotheritim 
of the Oligocene. Intei mediate lineages leading into the tapirs, 
the colodonts, and some lines that did not survive the end of the 
Eocene have not yet been cleared up; and in Europe, Stehlin 
has shown a number of distinct phyla of pala'otheres and lophi- 
donts. Much remains to be done before the phylogeny of Eocene 
Perissodactyls can be traced in detail, but its bx'oader lines show 
a progressive divergence from a common ancestral type represented 
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by Hyraootherium or Eakippua into the dietinct families of titano- 
theres and chalicotheres, horses and palaeotheres, tapirs and 
lophiodonts, hyracodonts, amynodonts and true rhinoceroses 
that are found at the end of the Eocene or beginning of the 
Oliogooene. 

There is less evidence bearing on the evolution of the Artio- 
dactyls through the Eocene than is the case with the Perisso- 
dactyls, and it is less easy to distinguish and trace the divergent 
phyla. In a himd way it follows somewhat the same lines, 
leading up into the two divergent groups, the suillines and the 
ruminants, and with a confusing complex of intermediate phyla 
which mostly die out about the end of the Eocene, some surviving 
later into the Tertiary. From the early selenodouts of the late 
Eocene branch came progressively the camels, tragulids, deer, 
giraffes, and antelopes, sheep, and cattle, the last three constituting 
the great bulk of modern ruminants. The suillines split into pigs 
and peccaries, and from somewhere between the two the hippo* 
potami derive. But most of these modern groups are not yet 
differentiated at the end of the Eocene, and the intermediate groups 
play an important pai t in the fauna. Among these may be noted 
the authracotheres of pig-like proportions in skull, limbs, and feet, 
but with a sub-crescentic pattern on the teeth that links them 
with the ruminants. These and the allied anoplotheres, xipho- 
donts, etc., are common in the Old World Eocene, Anthracotheres 
survive, especially in the Orient, until the later Tertiary, and 
reach America in the Oligocene. Curiously enough they are not 
found in Mongolia although they are common in Europe, 
Egypt, India, and Burma, as well as in North America. The 
entelodonts, or giant pigs, are another interesting group of 
artiodactyls, although chiefly found in the Oligocene and Lower 
Miocene. They liad a relatively huge skull, with teeth almost 
like those of an omnivorous carnivore, and in proportions of the 
body and limbs and the two-toed feet are more suggestive of a 
bison than anything else. Another of the intermediate groxips 
that Ijas its origin in the Eocene is the oreodonts or ruminating 
hogs of America, with ruminant cheek-teeth, but a short, peccary- 
like skull and tusks, and compact body, short legs, and four- toed 
feet like the pigs. On the whole it would seem that this order 
had made less progress than the Perissodactyls by the end of 
the Eocene, and wasted most of its energies, if one may say so, in 
unsuccessful experiments. 

The Oondylarthra, surviving through from the Paleocene, play 
an important part among the Lower Eocene mammals, but then 
disappear from the stage, except for the Mttifd Jlyopsodus with its 
rather lennir-like teeth and skull, with skeleton more like 
Insectivora and habits perhaps arboreal. 

The Amblypoda ai’e the largest animals of the Eocene. Cory-- 
phodon of the Lower Eocene is as large as modern cattle, with a 

• Save for one doubtful molar tooth. 
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flaring) hippopotatnus-Uke mii 2 S 2 ;le and tusks, and proportioned 
somewhat like a Kadiak bear, except for the shorter legs and the 
rounded, compact, five-toed, elephant-like feet. This animal is 
found in the Lower Eocene of America and Europe, coming in 
with the true Eocene fauna, and without any known ancestry in 
the Paleocene, although Paniolamhda and IHtanoidea are rather 

Text-figure 11. 
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Upper teeth of Amblypoda. The Eocene Corjfpliodon is probably related to 
Pantolambda of the Paleocene, and the Eocene Umtatherium appears to be 
a descendant of JProdinoeeraa of tbe Paleocene (Wyoming and Mongolia). 
Premolars and molars in coryphodonts and uintatheres evolved oti inde- 
pendent lines as shown by comparison of these figures, which confirm the 
views of H* £. Wood as to the interpretation of the Vintatherium molar. 


definitely related. Nor are there any known descendants in the 
later Eocene of Europe and America. Recently, however, a 
probable descendant has been discovered in the Endinocercis of the 
Upper Eocene of Mongolia, which turns out not to be related to 
the Dinocerata, but a coryphodont, not very different from the 
Lower Eocene genus. The evolution of the molars in this group 
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is not very clear. Appa.reutly they are derived from something 
of the Pantolamhda type, hy uniting the anterior limbs of the 
paracone and protocone crescents into a single crest, and loss of 
their posterior limbs, the metacone crescent remaining little 
changed or losing its anterior limb. 

In the other phylum of Amblypoda the molars have apparently 
a quite distinct history. Beginning with the rather small 
Paleocene Prodinoceras of Mongolia and Wyoming, they appear 
again in Bathyopsis of the Lower Eocene, Uintatherium of the 
Middle Eocene, an Eohasileua of the Upper Eocene, progressively 
increasing in .size and massiveness, and developing great horn- 
bosses on the skull, three pairs in the latest stage, which is as 
large as a rhinoceros, and of somewhat the same proportions save 
for the more compact five-toed feet very like those of Coryphodon^ 
but with the toes still further reduced. The teeth do not change 
very greatly in this series. The upper canines are long, com- 
pressed, dagger-like tusks, protected by a flange in the lower jaw. 
The cheek teeth all have the same peculiar ])attern, essentially a 
single high, crescentic inner cusp extended externally in long 
ridges sloping to the outer angles, riie series increases in size 
and complexity towards the molars, in which the inner cusp tends 
to divide into two, converting the compressed crescent into a pair 
of sub-transverse crests, to which a small 8upplement<ary cnsp or 
short crest is added at the postero-internal corner. Examination 
of this construction in Uintatherium in comparison with the molars 
of zalambdodonts and other Insectivora and early tritul)ercular 
mammals might suggest that the high cnsp in both premolars 
and molars is the paracone plus metacone, united in the premolars, 
more or less separated in the molars, and that the protocone is 
not present at all. But this interpretation is not supported by 
the construction of the teeth in the Paleocene ancestors of the 
Uintatheres, in which the molaivs appear to be derived from a 
tritubercular type, although the premolars are much as in Uinta- 
therhmi: The construction is at all events irreconcilable with 
near relationship to any of the known Taligrada, nor does it 
appear to be at all nearly related to that of Coryphodon in spite 
of a considerable resemblance in the premolars ; it suggests a 
separate origin of the Dinocerata back in the Cretaceous. Yet 
that close correspondence in the foot structui*e is hardly to be 
explained away as due to mere parallelism, and a satisfactory 
interpretation of real relations of the taligrades, coryphodonts, 
and Dinocerata is still to be worked out. It can be done, for 
the skeletons of all three groups are quite completely known ; 
but recent discoveries had made untenable the old view that 
they constituted three successive stages of specialization of 
a single broad group, and a revision of the whole evidence is 
necessary. 

The Carnivora of the Eocene all belong to the primitive 
division Oreodonta, distinguished originally by Cope by the 
separate scaphoid and lunar bones of the carpus, the small brain. 
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and other primitive features. They include half-a-dozen families, 
from one of which, the Miacidse, are descended all the higher 
Carnivora of later Tertiary and modern time. Some authorities 
prefer to unite the Miacida^ with the modern Carnivora and 
regard the remaining Creodonta as a distinct order. But this 
makes it a very artificial assemblage, for the Miacidre are much 
moi'e nearly lelated to the Arctocyonida% Hypenodontidfe, and 
Oxyflenidje than these are to the Mesonychidce ; and the Oxyclae- 
nida3 are a family ancestral to all the others except the Mesony- 
chidse. Cope’s arrangement on the whole appears simpler and 
more pmctical, and sets forth the l eal atfinities of t he several 
families more correctly. 

The Arctocyonida^ last through the Lower Eocene and then 
disappear. Gidley considers il»at the}*^ may he ancestral to the 
bears ; but this appears to me quite impossible in view of the 
known geological record of the bears in the later Tertiary, which 
leads them directly hack through Tremarctotherium and Arcto- 
theriam and Ilyceuarcioff of the Pleistocene, Indarctos of the 
Pliocene, Ursavus and IJemicyott of the Miocene, to the Canidje 
of the Oligoceiie. Ne^ertheless, the Arctocyonidse parallel the 
hears in several respects, in feet as veil as teeth. 

The liyamodonts are represented in the Eocene hy a series of 
progressively specialized genera, beginning with Shtopa^ then 
Trit€7nnodon and Cynohyaniodon^ then Pte^'odoii, and last Hym- 
nodon. The molar teeth in this series are progressively more 
sectorifd, the premolars relatively more robust and massive. The 
niolais are finally converted into double-bladed teeth increasing 

. . 

in size and sheaving specialization to the carnassinls , while 

M jj 

M-, transverse in Sinopa, is reduced in Pterodo7i and absent 
in Ilyceiiodon, These stages first appear in order of specialization, 
but the earlier stages survive along with their more specialized 
successors, and in India a genus, Dissopaalis^ not far beyond 
Sinopa in specialization, survived into the Lower Siwalik horizon 
(Upper Miocene in my opinion ; by Pilgriui regarded as Middle 
Miocene). In addition to this main line of specialization there 
are several side lines of less importance among the hyaenodonts 
one, Apterodon, with long slim skull, long jaws, and molars winch 
have almost lost their shearing character, the cusps becoming 
high, round-conical, blunt-pointed, and parallel to the Mesony- 
chidae (vide inf7'a). 

The Oxy8Biiid», with carnassial teeth ~ , have three distinct 

Mg 

phyla, evidently of diverse adaptation. Oxycena, traceable through 
four stages in the Lower Eocene, is a powerful predaceous beast 
of wolverine-like proportions, and probably ancestral to the largei 
and more massive Patriofelis of the Middle Eocene» in which M-^ 
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transverse in Oxyc^ita^ has become vestigial. A smaller, more 
marten- or mink -like race is the Lower Eocene Prolimnocyonv^'ii\\ 
M| small, followed by the Middle Eocene Limnocyon with M| 
absent, and the Upper Eocene Oxyamod^on with somewhat more 
massive teeth. This series does not change very greatly in size 
or in the characters of the teeth. A third phylum is the Paleeo- 
nictis and Ainhlyctonus of the Lower Eocene, with somewhat 
more specialized teeth with curiously high-pointed cusps almost 
insectivoi’ 0 -like. Tlie adaptation of these teeth is still a puzzle ; it 
was thought at one time that they were ancestral to the Felidae, 
but this view is not now taken seriously. 

The Mesonychidae are the most remarkable and characteristic 
of the creodont families. Tliey continue through the Eocene, 
increasing in size to the gigantic IJarpagolestes^ as large as a Kadiak 
bear, and the even more gigantic Audrey jsarchua of Mongolia, 
in which the skull alone wtis three feet long. The teeth and the 
proportions of the lower jaws do not change greatly ; they all 
have high, conical cusps, generally much worn, long and ratlier 
loosely articulated jaws, and a consistently small brain-case. The 
head was always very large in proportion to the skeleton. The feet, 
in some genera at least, are proportioned much as in the modern 
wolves, and w'ith small hoofs instead of claws. Wliat the habits 
of this curious aniina,! w^ere is still a problem. It has been com- 
pare<l to the hyenas and called a “ currion-eater.’’ But apart fj om 
the fact that the hyenas are not wholly or by preference carrion- 
eaters, but rather semi-parasitic beasts whose capacity for 
negotiating bones eiialdes tliem to clean up protitably tlie remains 
of the kill of larger and bolder carnivora — apart from this there 
is really little resemblance between the Mesonychid dentition and 
the ct)m[)act sliort jaw of a hyena witli its powerful shearing 
carnasMals and broad massive premolars. Whatever the food of 
the Mesonycbidie, it involved heavy wear of the teeth, but not 
great power in the jaws nor the massive premolars needed for 
bone-crushing, or the shearing teeth necessary to cut tendons 
and cut off the fiesh from the bone. Turtles have been suggested 
as a probable prey, but this would demand shearing teeth and 
aquatic rather than cursorial adaptations in the feet. A diet of 
freshwater molluscs, Unio^ etc., would in many respects fit the 
adaptation of the teeth, but a dozen other suggestions might be 
made, all equally plausible, all improvable, as there is no modern 
analogy. 

It should be remembered that in addition to the gigantic 
Mesonychids there were in all stages of the Eocene others of 
smaller sizes, down to quite small forms no bigger than a marten. 
Little is known about these smaller genera. 

The most important group of the Creodonts is the Miacidte, 
and in these we can trace a central phylum leading up rather 
directly into Cynodictis of the Upper Eocene, which is the first 
of the true Carnivora, and may be regarded as more or less 
Pboc. Zool. Soc.— 1927, No. LXIV. 64 
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directly ancestral to the CanidsB, and at least approximately to 
the Viverrid® on one hand, the MustelidsB on the other. From 
the Viverritlae in turn are derived the Hyaenid® originating in 
the later Tertiary, and from Middle Tertiary Canid® the Pre- 
cyonid® and apparently the Ursid®, although the latter may be 


Text-figure 13. 



Phyletic relations of tlie families of Carnivora. The Creodonts or primitive 
Carnivora of the Eocene included a number of extinct groups and the 
Miacidee, from which the modern families of Carnivora are descended, their 
differentiation mostly of post-Eocene date. 


traceable as a distinct phylum back to the Oligocene. The cats, 
while appearing to be of Yiverrid affinities in the teeth, are 
probably a distinct group which had specialized in the Eocene 
from early Miacid® and appear in the record already full-fledged 
at the beginning of the Oligocene. There are several side branches 
of Miacid® traceable through two or three stages of specialization 
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in the Eocene, but the most important is Didymictis, paralleling 
the civet in its specializations ; Viverravua^ with some curiously 
fox-like features, although the teeth are like those of small 
Viverridse; Vulpavusenni paralleling the palm-civets 

in some respects. The most signiticant feature about nearly all 
the Eocene Miacidae is the relatively large brain-case as compared 
with other Creodonts. It was probably on account of this, rather 

than any especial structural advantage in selecting instead of 

M Y 

iVC - or M| for carnasaials, that they survived and displace<l the 
other Creodont families. 

The Insectivora are rather a disappearing group during the 
Eocene, but are not very well known. There a few tiny jaws tliat 
may represent the ancestors of the moles and shrews, with sharp 
angular cusps but still retaining the tri tubercular pattern which 
most of the moles and all of the shrews have lost; they had not 
developed the specialized front teeth of the shrews; but the 
skull and skeleton are unknown. Apart from these there are a 
few small genera imperfectly known, placed among the Tnsecti- 
vora for convenience, hut very primitive in teefch and not clearly 
related to any of the later IVirtiary families. Zalambdodont 
insectivores are not known from the Eocene although they 
must have existed. 'Die oiily group well understood is the Lep- 
tictid'iC, represented in the Lower Eocene by DxcLCodony which 
seems to be directly descended from the Paloocene Palceolestes^ 
and ancestral through some imperfectly known Middle Eocene 
species to the Oligocene Leptictis, Ictops, and Mesodectes. These 
insectivores have tritubercular molars, a molariform P|, the 
front teeth somewliat on the lines of those of the hedgehog, and 
the skull a,n<1 skeleton are (jnite typically insectivore and not far 
removed from the line of anc-estry of the Erinacehhe. 

The order Menotyphla, tiee-shrews and their allies, is repre- 
sente<l by a number of very tiny mammals of the Plesiadapis 
group (the “ Apatemyida* with rather specialized and reduced 
dentition, whicli can hardly be considered further here. 

True Primates, lemuroi«ls of the family Adapidaj, are found in 
progressive development from Pelycodus through Notharctus into 
Telmalestea in Ameidca, while in Europe they progress through 
Protoadapis into Adapis and Leptadapis, Neither of these lines 
leads definitely into the modern lemurs, whose history is a blank 
from the beginning of the Oligocene to the late Pleistocene. Yet 
it seems proV)able that the ancestry of all the Malagasy lemurs 
must “ head in somewhere in this Eocene group, and possibly 
that the South American monkeys are derived from the American 
notharotines, although more probably they trace back to the 
smaller and less known tarsiid group of American Eocene Pri- 

* Marsh's Centetodon^ Centracodon, etc., are not '/alambdodonts. 

64» 
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mates. This group is generally regarded as ancestral to the 
higher Primates, through such intermediates as the Lower 
Oligocene Propliopithecus etc. of Egypt. Whether this is 
entirely correct needs mot*e and better material to prove. There 
are several distinct genera in the Lower, Middle, and Upper 
Eocene, mostly known from upper and lower jaws only, two of 
them, Teionins of the Lower and Necrolemur of the Upper Eocene, 
from skulls. The pliyletic relations are too complicated and 

Text-figure 14. 
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Upper teeth of LoM^er Eocene Primates (Tarsiida)). This group of pritnutes is 
regarded as most nearly ancobtral to the higher anthropoids, Vmt is as yet 
imperfectly known, chiefly from jaws and teeth, and appears to be nearly 
related to the inenotyphlan insectivores of the Paleocene and Eocene (tree- 
shrew group). 

uncertain to explain in a few words ; they are fully discussed by 
Gregory and others 

Kodents during the Eocene are not a very important group. 
They are chiefly limited to the squirrel-like Paramys^ which runs 
through from Lower to Upper Eocene without much change in 

♦ Gwigory, 1920, “ Structure and Kelationsbips of Notharetus** Mem. Am. Mus. 
Nat. Hist, (n.s.) III. pp. 61-243, pU.xxiii.~xli. 
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teeth or skull ; but to this are added in the Middle and Upper 
Eocene a few smaller genera, Sciuravua^ Mysops, Jhrotoptychus^ 
all of doubtful affinities. The rabbits, mice, pocket-mice, beavers, 
etc., do not appear in the record until the Oligocene ; but it is 
not yet clear where or when they diverged fiom the common 
ancestral stock. The rabbits and their allies must certainly have 
been distinct in or before the Paleocene ; the siinplicident rodents 
may all derive from the Lower Eocene Paramys^ but the proof 
that they did is not yet at hari<l. 

The edentates are represented by Lower Eocene Pahmnodon, 
which is ancestral to the Middle Eocene Metacheiroinys, a line 
that may be continued through certain imperfectly known 
European Oligocene genera into the modern pangolins of the 
Oriental and Ethiopian region Paiwanodon may also be 
ancestral to the armadillos of the Upper Eocene and latex 
Tertiary of South America, in which bony instead of liorny 
armour was developed ; and fi‘om the armadillos seem to have 
developed in turn the glyptodonts in one direction, the anteaters 
in another, the sloths in a third. Proof or disproof of these 
relations requires much more evidence, especially as to the South 
American armadillos, whicli a,ppear first in the Upper Eocene, 
but are known only from a few of the armour plates until the 
late Miocene, at- which time they are much moie apecialized in 
teeth, skull, and skeleton. 

Notoungula-ta are represented in the Lower Eocene of North 
America by a single lower jaw much smaller than any of the South 
American uotouugulates, and with a more primitive dtmtition 
than any of its allies in the Upper Eocene of Patagonia, where 
the group first appears in the South Ameidcaii succession. The 
North American genus Arctostylops is a stage furthe)* advanced 
tdian PalfBostylopa of the Mongolian Paleocene in that the fourth 
premolar has become molariform. In PaUcostylopa all the pre- 
molars are simple. In NolostylopSy Leoniinln^ etc., three premolars 
are })artly, two quite fully molariform. Nothing more is known 
of Notonngnlata fi'oui the northern world, but in South America 
they, with the ullie<l Litoptei-na, take the plac-e of the ordinary 
hoofed animals and expand into numerous and varied speciali- 
zations. 

Idle taBuiodonts of the Paleocene continue on through the 
Eocene in Calamodon and ^Stylinodon, [laralleling the ground- 
sloths (whether or not tliey have any degree of edentate relation- 
ship) and disappear at the end of the Eocene. They are known 
only fi’om North America. 

Another curious extinct group, the tillodonts, is represented by 
Eaihonyx in the Lower Eocene, Anchippodua and then Tillo-^ 
therium in the Middle Eocene. These have a pseudo-rodent 
specialization in tlie teeth, but they are not related to rodents ; 
whether to Insectivora or creodonts is not very clear ; in any 
case they are best regarded for the present as a distinct order. 
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TiUothermm is quite a large animal, the skull and skeleton as big 
as that of a capybara, and the teeth are quite specialized, the 
incisors a single pair of perfectly-developed gnawing type, the 
molars low-cT’owned, partly hunodont, partly crested teeth, and 
the remaining teeth, except P-, much reduced. This is a great 
advance upon Esthofiyx, in which the incisors are much more 
.suggestive of some Insectivora in their imperfect ** diprotodont ” 
specialization. E^tlionyoo is about as large as a beaver. 

Marsupials allied to the opossum existed thronghont the 
Eocene, but call for no especial comment. They are found also 
in the Oligocene, botli in jSurope and North America — not, how- 
ever, in Mongolia. 

VI. The Close of the Eocene and the Oligocene Invasion, 

The Oligocene opens with another great faunal invasion, 
bringing in many new phyla of mammals and much more ]>io- 
gressive stages in the evolution of phyla that had already appeared 
in the Eocene record. A large part of the Eocene fauna dis- 
appears, becomes extinct, or is thus replaced by more advanced 
stages. One might suppose tliat tliis really meant a gap in the 
record, that a considerable lapse of unrecorded time separateil 
the latest Eocene from the earliest Oligocene fauna. But this 
can hardly be so, for some of the Eocene }>hyla survive through 
into the Oligocene with very little change, and these are not all 
of them unprogressive or primitive types, but among them some 
that had been specializing rapidly through the Eocene. Another 
interpretation that fits better with the facts is that the later 
Eocene formations are found chiefly in intermontnne basins, 
probably well forested, while the Oligocene and later Tertiary 
successions are recorded chiefly in plains areas which even then 
may have been open country. The change may be partly due 
to the Eocene record representing forest faunas, the Oligocene 
record plains faunas. But this does not wholly explain the 
change; and in at least one district in Wyoming wiiere the 
Oligocene is directly superposed upon the Eocene, there is a 
change in the character of the sediment as well as in the fauna 
that indicates replacement of forest by open country — a change, 
that is, in the climate that may well have been the underlying 
cause of a great migration movement. 

Whatever the interpretation placed upon it, the record indi- 
cates this great faunal change at the end of the Eocene, both in 
AmeiTca and Europe, and apparently no less marked in Central 
Asia, as shown in the newly-discovered Mongolian fossil record. 
The last of the ancient groups, amblypods, condylartbs, twnio- 
donts, tillodonts, already rare and specialized types, finally become 
extinct. Many of the Eocene phyla of Perissodactyls and Artio- 
dactyls disappear and are replaced by more progi'essive and 
specialized races. In the Equid lineage, the four-toed EpiMppus 
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is replaced by Mesohippua with three toes on each foot, the fifth 
digit of the mauus, complete and still functional in Epihippua^ 
reduced now to a small, short splint, quite vestigial, while the 
lateral digits II. and lY. in each foot have become much smaller 
and the central digit larger and more cylindrical. The teeth 


Text-figure 15. 



Phylogeuy of the Perissodactyla. The cliffereutiation of the families took place 
mostly during the Eocene ; the surviving groups become farther specialized 
during the later Tertiary, 


also have changed considerably in pattern although still short- 
crowned, the change leading towards the later equid pattern. 
True rhinoceroses appear in Europe and America, replacing more 
primitive genera of less clear-cut rhinoceros affinities, and most 
of them aberrant or off the line of progress in one way or 
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another *. The Titanotheres survive into the Lower Oligocene 
and then become extinct; and here the cliange between the 
latest Eocene and earliest Oligocene forms is not great. The 
lophio<3onts and other sub-tapiroid groups disappear for the most 
part, and true tapirs aud the related colodonts, neither of them 
directly traceable into Eocene ancestry, take their place. On 
the whole, tlie importance of Perissodactyls in the fauna begins 
with a progr(‘Ssive decrease in the Oligocene, their place being 
taken by tlie rapidly expanding groups of ruminants. 

A correspoiuling change is seen in the Artiodactyls at the end 
of the Eocene. From the confusing welter of Eocene artiodactyl 
races, biinodont, seuii-s.elenodont, and primitive true selenodonts, 
emerge rather suddenly a number of deliiiite, recognizable types, 
clearly related to the specialized groups of the later Tertiary, 
althougli some ai-e still quite primitive. We have unmistakable 
pi;Lis in the Old World, peccaries in America; camels, already 
quite specialized, apfiear suddenly at the base of the Aineiican 
Oligocene t, and various well-defined tiagulinoids in both Europe 
and America, some leading up into tlie chevrotains, others to 
true deer and higher ruminants. The peculiar group of entelo- 
donts or giant, pigs appears suddenly at tlie base of the Oligocene, 
and has not been traced into the Eocene; achamodonts aie pro- 
bably nearly related but not direct ancestiirs. The oreodonts 
of North America, on the other hand, find faii ly diretit ancestors 
in the Upper Eocene, and the anthracotherc lineages in Europe 
appear to be fairly direct so far as the rather fragmentaiy 
evidence shows. 

The changes in the Carnivora at the end of the Eocene are 
equally marked. The miacid phylum carries through wuth hut 
little change, but begins a rapitl expansion and specialization in 
the Oligocene. The liyienodoiits carry tiiiougli, several specialized 
genera surviving into tlie Oligocene — one in India to the end 
of the Miocene or early Pliocene. The oxysrnids and luesony- 

* In America the early true rhinoceroses aie ii‘.unlly known as Trtnonias and 
Cfpnopus; in Europe they were lorinurJy all leferred to ** Acerathci’intn,*' but Abel 
has lately provided a number of new jfcneric names for their reception — ’Frolt^yra^ 
codon, Vrmaccrathenum, Vrvtnceratherium, J^piaceratherium, Meninatherium, 
One might add also Brandt’s unfortunate name of ^ubhyravodon, Cope's Anchi- 
sodon, and some others, all covering what are, so far us 1 can discover on piesent 
evidence, ebsentially two good gciiem of tridactyl i hinoceroses, one with a small 
complete fifth digit on the manus and more primitive preniohir jiattern, the other 
three-toed w ith more mol ariforrn premolars, but both distiiignishedby the gpeiaalized 

pair of cauiniform incisors, lack of posterior dange on the ectoloph of M ' , and a 

variety of skull characters. I’he Eocene rhinocerotoids have nearly all a well- 
developed fifth digit on the fore foot, and they have not the specialized incisors, the 
front teeth retaining more or less closely the primitive penssodactyl pattern of a 
row of small subequal incisors flanked by a pair of more or less enlarged canines. 

t Current view’s trace the Oligocene camoh l*cebrothe7*ium and JSotylopm hsLck 
into Frotytopus of the Upper Eocene. Protylopus, however, when critically 
examined appears to be rather a primitive traguloid that might be ancestral to the 
higher ruminants quite as well as to the camels, hut, in fact, could hardly have 
been a direct ancestor of the Camelidai, as it has not even the rudiments of the 
peculiar camelid specializations in neck and feet that are already fhr advanced in 
the Foebrotherium of the Titanothorium zone. It may serve as a “structural 
ancestor " ; a genetic onccstor it cannot well be. 
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oh ids disappear entirely ; and the Felidse first appear in Europe 
and America. 

The insect! vore record is so scanty as to be of little value, but 
it would appear that the principal modern group, the moles and 
shrews, first appears in the record at this time ; the Leptictidse 



Pliylojfpi)} of the ArtiodactylH. The dhi'eruiitiatiou of the existing; 
families is mainly of post-EoccMie date. 


of the Eocene caixy through to the Middle Oligocene, and true 
hedgehogs make their fii*st appearance. 

Itodents also have a gieat expansion witli the Oligocene. 
Habbits, pocket-mice, and various other groups make their first 
appearance, and when tlte true phyletic development of rodents 
is more clearly understood, we shall doubtless be able to clear up 
the record of various other groups. At present it is clouded 
with too many uncertainties, improbable or untenable attempts 
at phyletic series, to be set forth here. 
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The lemuroid and tarsioid Primates that characterize the 
Eocene of North America and Europe are unknown from the 
later Tertiary of America, and disappear from the European 
record early in the Oligocene if not at its beginning. I do not 
venture to say whether they really became extinct or retreated 
to forested regions in more tropical latitudes where the Oligocene 
record is not yet discovered. From some of them, or from some 
allied forms which had lived in the tropical forests during the 
Eocene, must needs have been derived the later Tertiary 
Primates. But the subject is far too complex a problem to enter 
upon here. 

Ill short, then, we find the Eocene epoch defined at its begin- 
ning and its close by great faunal invasions which brought about 
the extinction of a large part of autochthonic mammals, and 
replaced them hy new and mostly much more progressive groups. 
This is the record in Europe and North America, or rather in 
Western Europe and the west central part of the United States, 
from which all records are derived. These migmtions in each 
case bring in the same new genera to Europe and North America. 
They must have come from a common source, some region where 
these new races had been evolving and wherice they sjwead to 
the regions where they appear as invading faunas. It is further 
evhlent that a marked climatic change occurred at each of these 
faunal changes. The most obvious and piobable interpretation 
is that the centre or centres of evolution aiid dispersal of the 
invading races was situated somewhere in the unknown inter- 
vening region — in northern North America, central and nortliern 
Asia, and north-eastern Fiurope. 

Vll. Eocene of other Begions. 

Very little is known of tlio Eocene Mammalia of otiier parts 
of the world. In South America a remarkable series of Tertiary 
faunas is known which begins with the Aotostylops fauna, non 
regarded as probably of the late Eocene age, followed hy a series 
of faunas up to the Pleistocene This evolution was almost 
wholly independent of the evolution of Tertiary mammals in the 
north, although derived from ancestors that must have reached 
South America from some northern centre about the end of the 
Cretaceous or beginning of the Paleocene, and supplemented 
probably by two or three stray invaders that would seem to have 
reached there at different times during the Tertiary period f. 

^ All theHe faunas were considered by Anipjrbino as of much greater geological 
age, the Notostjflops fauna con-elatcd witli the Lower Crete ceous. Gaudry and 
other authorities correlate<l the Notontji/lops fauna wuth the Paleocene, on account 
ot the relationship of a part of the fauna with the Paleocene faunas of the northern 
world. These element**, however, are the most primitive part ot i\\e> Noiostplops 
fauna, and are associated with much more advanced and progressive niammals. It 
appears probable, therefore, that they represent survivors little altered of Paleocene 
invadera from the north, and that the real age of the fauna is later, probably late 
Eocene, its supposed association uith dinosaurs has been discredited by later field 
work. 

t Armadillos in the Kocene, rodents in the Oligocene, primates in the Miocene, 
raccoons in the Pliocene, so far as one may judge from the record. 
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About the end of the Tertiary, South American isolation came 
to an end, and a great flood of North American mammals invaded 
the country, resulting in the extinction of the greater part of the 
autochthonic mammal fauna. 

The fauna lacked Perissodactyls and Artiodactyls, but developed 
in their place a wide variety of hoofed mammals, large and small, 
derived apparently from Ooiidylarthra and Taligrada and from 
some of the early Insectivore groups; but the exact source 
needs further critical revision and surer knowledge of the exact 
stratigraphic succession as well as more coiiiplete specimens. 
At all events, the South American hoofed mammals appear to 
fall into at least three groups — Notoungulata, Litopterna, and 
Pyrotheria — all unknown to the north save for the Palmostylops 
and Arctostylops already discussed 

Creodonts or any true Carnivoi'a are wholly lacking in these 
Houth American Tertiary faunas, but their place is taken by 
carnivoi’ous Marsupials, wJjich evolved a variety ©f beasts of prey 
quite closely paralleling tlie northern Creodonts f. 

Another group of marsupials, the cspnolestids, parallel the 
plesiadapids in their development, and there aie several other 
curious parallelisms to the northern faunas. But one very 
large group in South America was the edentates, which evolved 
mainly after tlie Eocene — at least we find no trace ot them 
in tl\e Notostylops fauna. Anotlier important element is the 
hystricomorph rodents, which first appear as a single type 
(Cephalomys) in the Oligoeone, and the platyrrhine monkeys, 
which first appear in the Miocene {/lomimcul'Hs), These succes- 
sive appearances, eacli apparently originating as a single type 
and spreading into great diversity and al)iui<lance, suggest 
that the isolation of South America was not so profound as has 
been assumed, and was perhaps largely due, as Berry has sug- 
gested, to the great tropical rain-fore.st and lack of environmental 
pressure rather tlian to actual oceanic barriers. The absence of 
creodonts, already abundant in the Lower Paleocene of l^orth 
America, indicates that this isolation had begun by the begin- 
ning of the Paleocene; yet it was crossed successively by eden- 
tates, by rodents, and by primates, although not by Carnivora, 
Insectivora, or any of the ungulate orders initil the end of the 
Tertiary. 

As most of tlie known 8outh American mammalian evolution 
was post-Eocene it need not- be further iliscussed here, 

* Derivation of the Pyrotlieria /rom Paleocene Diiuiccrata is worth exannnation. 

f So much 80 that Lydekker and other authorities insiHted that they were 
Creodonta. Amefchino rej^arded them as the ancestors of the Creodonta Their 
marsupial nature was jmnen by Sinclair in 1906. H. E. Wood has receiitb argued 
for their being specihcany allied to the Australasian Th^lacines; but tlm-, in my 
opinion, ovorsnoots the mark. A general relationship to the Australian polyproto- 
donts rather than to the Didelphyids seemi* to he indicated ; but even this is hardly 
demonstrated, and the sjiecial reseinhlances to the Thylacines appear to be due to 
parallelism as 1 indicated in 1916. Mr. Wood brushes my argument aside with the 
remark that it ii all within the limits of a single family — which, even if true, would 
not invalidate the argument, I hope later to discuss the matter more fully. 
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In Burma an interesting Upper Eocene fauna has recently 
been discovered, chiefly piimitive anthracotheres, associated with 
titanotheres, amynodonts, and a couple of smaller Perissodactyls. 

In Egypt also a few laud inainniais, in addition to the marine 
zeuglodonts and sireniang, are known from undoubted Eocene beds, 
but our chief light on the Eocene fauna of Egypt, and presumably 
of Ethiopia, comes from the remarkable group of mammals in the 
Ijower Oligocene of the Fayflm. These include, besides anthra- 
cotheres, hyienodonts, and other Holarctic types, a variety of 
larger and smaller Hyracoidea, the gigantic Arsinoitheriuru and 
tiie primitive proboscideans Mcerithermm and Palceomastodon^ 
which ai*e regarded as representing the autochthonic faiim< of 
Ethiopia evolved and specialized during the Eocene. Probably 
the inference is correct enough, and will be verified by future 
discoveries when the African Tertiary fossil localities are ade- 
quately prospected by expert “ bone-diggers.” At present theie 
is very little to add to the admirable researches of the late 
C. W. Andrews, hut various promising localities are known and 
await thorough search. 

Tlie most important recent discoveiies are those made in 
Mongolia Iby the American Museum Expedition in 1921-11325, 
As indicated in previous pages, it was expected that Mongolia 
would reveal the long-sought ancestors of the invading faunas 
that reached Europe and North America in the begin) jing of 
the Eocene and again in the Oligocene and later Tertiaries. 
This expectation has been only partially fulfilled. The mammal 
faunas found in Mongolia are correlated as Middle or Upper 
Cretaceous, Paleoccne, Middle and Upper Eocene, Lower and 
Middle Oligocene, and give altogether a fair conspectus of the 
mammalian succession up to the Middle Tertiary. 

The import4)nce of the Cretaceous mammals has been pointed 
out in the early part of this memoir. The Paleocene fauna has 
also been discussed. The late Eocene faunas, Arshanto, Irdin 
Manha. and Sbara Muriin, have been partly described in a series of 
preliminary notices issued by the American Museum, but much 
remains to be done on them. They contain large titiuiotheres, 
ijmynodonts, and smaller rhinoceroses, numerous smaller Perisso- 
dactyls of lophiodont-tapiroid affinities, also a clialicothere, but no 
trace of the Equida* or Paheotheriicla}. Tliey contain tragulids 
that are more directly ancestral to the later higher ruminants than 
anything in the American or European Eocene ; but there are, 
witl\ the exception of a doubtful lower molar, no anthracotheres. 
And they include some ancestral types of Oligocene Carnivora and 
rodents. It is quite evident that while we may find in Mongolia 
the ancestry of the higher ruminants, of the rliinoceroses, perhaps 
of tapirs and colodonts, certainly of labbits and picas and pro- 
bably of Dipodida', Cricetida*, Bathyergidfe, and some other 
rodent groups, we shall not find, as we might expect, the 
ancestry of other groups. These must have originated elsewhere 
in Uolarctica, either in northern North America, northern or 
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southern Asia, or in eastern Europe. Perlmps their absence 
from Mongolia, in so far as it is not due to insufficient collections, 
is to be explained by the character of the fauna and of the 
formations in which it was found, which appear to indicate that 
the progressive aridity which developed during the Tertiary in 
all northern regions came on precociously in Central Asia, and 
that at the end of the Eocene the present Desert of Gobi was 
already an arid semi-desert country, while the Rocky Mountain 
region was still well watered, and western Europe mostly buried 
in forest. Mongolia uuiy liave been too arid for four-toed horses 
in the Eocene; they were perhaps evolved in the open forests 
of the north. Tt may have been equally unsuited for anthra- 
cotheres and Primates, adapted to the tropical and semi-tropical 
rain-forests of the Oriental region. (Egypt may tlien Ijave 
been well watered, explaining their abundance in the Fay uni 
Oligocene.) 

Nothing is known of the Eocene mammals of Australasia, 
but it is reasonably safe to infer that the deployment of the 
Australian marsupials had commenced ns early as the Eocene. 
The oiigiii of the ground-birds of New Zealand may perhaps 
date hack to the Eocene ; and it is an intriguing item of evidence 
that ill beds supposed to be of Eocene age at Seymour Island, 
one of the ouUic^ts of Antarctica, remains of a group of gigantic 
penguins were discoveied, but no mammals ; suggesting that, as 
in New Zealand, birds developed as terrestrial vertehi’ates in the 
absence of mammals, and tliat the modern penguins are siU'\ ivors 
of this old fauna of Antarctica, modified to suit tlie aniphihions 
life which afforded their only chance of survival when the wliole 
region was buried in ice. 


VI II. Conclusion. 

'file Eocene epocii is marked by the apjieaiance and eai’ly 
iJifferentiation of the Cenozoic mammals, tir>t adapted to forests, 
becoming diversified, .speciab/cfl, dominant in all habitats. Evo- 
lution of the brain is a marked and important feature in the 
more progressive tyjies. 'fliiy becomes the most important 
factor of evolution. The dinosaurs of the Mesozoic had highly 
perfected mechanism l>ut an inferior and unprogressive brain. 
This advance in brain chai-acters means the progressive substi- 
tution of reason and conscious action for instinct and automatic 
action. The beginning and end of the Eocene is marked by a 
great change in fauna, dependent presumably upon groat geo- 
graphic or climatic changes, probably bot.h associated. Tliese 
are partly shown in the geologic record ; hut the geology of the 
world is not sufficiently known as yet to make these causes fully 
clear. 
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47. On some Laud Nemerteans from Upolu Island 
(Samoa), with Notes on the Genus Geonemertes. By 
Mary L. Hbtt, B.Sc., P.Z.S. (Lecturer in Zoology, 
Bedford College, London). 

[Received October 15, 1927 : Read November 1, 1027.] 

The Neinerteans (lescribe<l iu this paper were collected by 
Dr. P. A. Buxton, to whom my thanks are due for placing the 
material at my disposal. They were obtained from three 
dilFerent localities in the Island of Upolu (Samoa Islands) and at 
heights varying from sea-level to 2000 feet. The individuals 
varied in size, but on investigation they proved to be all of the 
same species, and must, I think, be refei‘i*ed to Geoiiemsries 
palaensis (Semper), althougli they differ slightly from the descrip- 
tions given by Semper (16), von Kennel (12), and SchrOder (14). 
The last-named author lias given a complete account of the 
species ; roferenco will only he made here to points of special 
interest. 

Description of Specimens. 

Tliere were in all five whole specimens and a number of pieces ; 
in one or two instances tiie proboscis had become everted and 
broken off. I'he whole specimens varied in length from 15 to 
40 mill., and in breadth from 0*8 to 1*8 min. Semper (^. c.) gave 
the length of 6\ palaensis as 20 to 38 mm, ; von Kennel c.), 
who examined some of Semper's specimens, corrected these figures 
to 40-50 mm.; Isler’s (11 a) specimens were 35 to 50 mm. long 
(though one reached 70 mm.); the single specimen examined by 
Schroder (l.c,) was 35 inra. long. Tims on the whole the speci- 
mens under consideration were smaller than the normal type. 
The colour (preserved specimens) was greyish on the dorsal side 
and pale yellow below. There was one relatively narrow dark 
purplish stripe in the mid-dorsal line, and in one specimen there 
were in addition two faintly-marked stripes, one on either side 
of the mid-ilorsal stripe of the posterior end of the body. The 
rhynchostome was nearly terminal, and gave a bilid appearance to 
the head when the proboscis was not everted. Eyes were not 
visible externally, owing no doubt to loss of pigment. 

Internal Anatomy. 

The general features resembled those described by Schroder 
{L c.). The following points may be noted : — 

VaactUar Spatem * — The anterior termination of the dorsal 
Teasel in a swelling below the proboscis sheath was very marked. 
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The lateral vessels send a branch to the dorsal vessel, and then 
form a commissural loop in front of the brain. There appeared 
to be a ventral branch on either side from this loop which 
e 2 :tended downwards and formed a small sinus surrounding the 
posterior glandular portion of the cerebi^al organ. 

Reproductive System, — All the specimens contained ovaries 
with ripe ova, but no testes. In two individuals sectioned, small 
glands were present, medial to the lateral nerves. They appeared 
to be gonads, but the cells were as yet undifferentiated and might 
have been either young ova or sperms. 

Von Kennel (12) described G. palaensis as hermaphrodite, 
testes and ovaries occurring alternately and lying dorsal to the 
lateral nerves, with the testes ventral to the ovaries. Schrixler's 
(14) specimens contained only ova : he therefore concluded that 
the species was protandrous. It is certainly an oviparous form, 
since in one of Dr. Buxton’s specimens there is a small sac of 
extruded eggs attached to the proboscis. 

Proboscis Nerves, — The number of proboscis nerves was 20 in 
two of the specimens observed and 18 m a third. The numbers 
given by other workers are 19 to 21. 

Eyes, —In all cases thei'e was one large pair of eyes directed 
forwards, but the number of smaller eyes was not constant. 
They were diilicult to see owing to loss of pigment, but, as far as 
could be made out, one specimen had three paiis of subsidiar} 
eyes, anotlier had two pairs, while in a third oidy one pair could 
be distinguished. G, palaensis is generally staled to have one 
pair of larger e 3 ^es and two paii*s of smaller ones. 

With the exception of the points above mentioned, these 
Samoan specimens agree so closely with the descriptions given of 
G. palaensis b}^ Semper (Z. c.), v. Kennel (Z. c.), and Schnider (Z. c. ) 
that they must be regarded as belonging to that species, but 
Samoa is a new habitat. Hemper’s original specimens came from 
the Palao Islands (Pelew Islands), and further specimens were 
found by 8arasin in Celebes and by Bchibder in the Kei Islands. 

It may be of interest at this point to note the close resemblance 
between G, palaensis G, arhm'icola. The latter was described 
by Pnnnett (13) from the Seyclielles in 1907. and named by him 
G. arhoricola in allusion to its discovery at the base of the leaves 
of the screw-pine, as well as in more normal situations, such as 
under logs and among damp leaves. It occurred at a height of 
1600 feet above sea level. Pnnnett distinguished G, arhoricola 
from G. palaensis on account of the colour-patteim and the numbei* 
of eyes. In both these respects the specimens of Q, palaensis 
described in the paper exhibit a type approaching that of 
G, arhoricola, 

{a) The coloration in both species is somewhat variable. 
Living specimens of G. palaensis are described by Semper (15) as 
pinkish with a dark brown dorml stripe ; the same specimens 
(preserved) were described by v. Kennel (12) as reddish with a 
blackish -brown dorsal stripe ; specimens from another locality 
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(preserved) were described by Schroder ( 14 ) as grey-brown 
dotBally, lighter ventral ly, with a blacki8h->brown dorsal stripe. 
G. arboricola was described by Punnett ( 13 ) as of a pale whitish 
brown with a deep purple-brown dorsal stripe and two lateral 
stripes at the anterior and posterior ends. 

The specimens from the Island of Upolu agree on the whole 
with Schroder^s description, but one of them has in addition a 
faint lateral stripe on either side of the median stripe at the 
posterior end, so that G. arboricola can scarcely be distinguished 
from O, palaenais by colour-pattern. 

(h) G, palaensis is said to possess three pairs of eyes — one 
large pair diiected forwards and two smaller pairs directed 
laterally. In G. arboricola all specimens have one large pair 
anteriorly, and in some cases a smaller pair devoid of pigment 
could also be distinguished, but this was not a constant feature. 
In the Samoan specimens of G, palaensis there is also some 
variation : as noted above, there was in each case one pair of 
large eyes, but the pairs of sujaller eyes varied in number from 
one to three — so tliat here, too, there is no rigid distinction 
between the two species. 

A much more important tpiestion arises in connection with 
tiie excretory system, wldeh is said to be absent in 6r. arboricola^ 
wliereas in G. palaensis it is extensive. If an excretory system is 
really absent in the former species, this of course constitutes a 
very definite point of difference ; but nephridia are frequently 
difficult to demonstrate, and it seems possible on c(, jyriori grounds 
that they may yet be discovered in the species from the Seychelles. 
The difference in habitat is a strong argument in favour of the 
two forms being distinct, but further information is desirable. 

The main difficulty in identifying species of Geonemertes lies 
in the fact that some of the characters originally employed in 
diagnosis are now found to be of a variable nature. It therefore 
seemed to me useful to make a resume of our present knowledge 
of the genus, with suggestions as to the relationships of the con- 
tained species. 

Genus Qeonemeutes (Semper). 

The genus Geonemertes was founded by Semper (15) in 1863 
for the land Nemertean G. palaensis from the Palau (Pelew) 
Islands ; since tlien a number of otlier land forms have been 
include<l in the genus, most of them from island habitats. 

The members of this genus are relatively slender forms from 
15 to 70 mm. in length (occasionally reaching 150 mm.). The 
coloration is variable, and in some cases there are daik longi- 
tudinal stripes. The mouth* opening is coincident with the 
rhynchostorae. The intestinal ciecum stretches foi wards nearly 
to the brain, Tiie intestine is lobed. The proboscis has only 
one stylet sac ; two to five reserve stylet sacs nnw be present. 
The number of proboscis nerves varies from 12 to 23. Nephridia 
are numerous and open to the exterior by many efferent pores, 
Proo. Zool. Soc. — 1927, No, LXY. 65 
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The lateral nerves usually have an accessory dorsal nei*ve 
derived from the dorsal ganglion. Cerebral sense-organs are 
always present. Frontal organs are frequently present and well 
developed. One pair of larger eyes and usually qne pair of 
smaller eyes are found, but there may be two to four pairs 
of smaller eyes. In a few cases the single eyes are replaced by 
groups of small eyes 20 to 40 in number. Reproductive organs 
vary in arrangement : some species are hermaphrodite and others 
of separate sexes. 

List of Species. 

G. PALAENSis Semper, 1863 (15). Length 15 to 70 mm. (occa- 
sionally reachirig a length of 160 mm.). Reddish with a single 
dark brown dorsal stripe. Numerous nepliridia extending 
throughout the body, with numerous excretory pores. Herma- 
phrodite. 2 to 4 reserve stylet sacs. 18 to 21 proboscis 
nerves. One pair of large eyes and one to thi*ee pairs of smaller 
eyes. Habitat : J^alao (Pelew) Islands, Celebes, Kei Islands, 
Upolu Island (Samoa Islands). 

G. AGRiooLA Willemoes-Suhm, 1874 (16). Length 15 to 
150 mm. Whitish or orange. Nephridia numerous, especially 
at the anterior end, where they are united by longitudinal 
canals; about 15 excretory pores on each side. Hermaphrodite 
and viviparous. 2 reserve stylet sacs. 13 to 15 proboscis 
lierves. 2 paii’S of eyes. No lateral accessory nerve. Cerebral 
sense-organs small. Habitat : Bermudas. 

G. CHALICOPHORA V. Graff, 1879 (9). Length 12 mm. AVhite, 
anterior end reddish. Two longitudinal nephridial canals with 
numerous branches ; 5 excretory pores on either side. 

(?) Hermaphrodite. 2 reserve stylet sacs. 12 proboscis 
nerves. 2 pairs of eyes. No lateral accessory nerve. Cerebral 
sense-organs small and lacking a glandular portion. Habitat 
unknown. 

G. RODBRiCANA Gulliver, 1879 (10). Length 25 to 75 mm. 
Dark green dorsally with fine white lines, ventral surface white. 
Nephridia not yet observed. Sexes separate. 4 reserve stylet 
sacs. 1 to 2 pairs of eyes. 19 to 21 proboscis nerves. Habitat : 
Roderiguez. 

G. AUSTRALIBNSIS Dendy, 1889 (6, 7). Length 40 mm. Yellow 
or brownish, occasionally with one or more brownish dorsal 
stripes. Numerous nephridia extending throughout the body, 
opening to the exterior by numerous pores. Lateral blood-vessels 
connected with an anastomosing vascular network. Sexes 
separate. 2 to 5 stylet sscs arranged in two groups. 16 
to 19 proboscis nerves. About 40 eyes in two groups. Habitat : 
Victoria, Australia. 
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Q-. Novo-ZBLANDI^ Dendy, 1894 (8). Length 37 to 53 mm. 
Yellow with 4 broad dark bands. Nephridia not observed. 
Sexes separate (?). 4 reserve stylet sacs, 13 to 17 proboscis 

nerves, 2 pairs of eyes. Habitat : New Zealand. 

G. GRAFFi Biirger, 1896 (2). Length 150 mm. Light brown 
with 4 dark brown stripes. Nephridia not observed. Sexes sepa- 
rate (?). 2 reserve stylet sacs. 23 proboscis nerves. 2 pairs 
of eyes. Habitat: New Guinea and Samarai Island (off New 
Guinen ). 

G. MiOfiOLiTZi Burger, 1896. Syn. graffi Burger. 

G. ARBORicoLA Puiiriett, 1907 (13). Length 15 to 25 mm. 
Whitish-brown with a purple-brown stripe. Nephridia absent. 
Hermaphrodite. 4 reserve stylet sacs. 19 proboscis nerves. 
1 to 2 pairs of eyes. Habitat: Seyclielles. 

G. Darbisliire, r.)09 (51. Length 10 mm. Pale cream- 

<*oI()ur. Nephridia not t)b.served. Single specimen was a female. 
5 re&>eive stylet sacs. 17 probo.scis nerves. Eyes w’anting. 
Habitat : Kiiderby Island (Auckland Islands). 

G. SPJROSPJSIIMIA Da rbi shire, 1909 (5). Length 15*5 mm. 
cream-coloured with dark brown stripes. Nephridia not observed. 
Single .s[»ocimeii was a male. Spermatozoa spiral. 4 reserve 
stylet sacs. 18 proboscis nerves. 2 pairs of eyes. Habitat: 
Auckland Islands, 

G. DEXDYi Dakin, 1915 (4). Length 15 mm. Brownish-pink, 
paler laterally with t wo chocolate-brown stripes. Nephridia not 
observed. Single specimen was a female. Number of proboscis 
nerves not stated. About 16 eyes arranged in 4 groups, 5 or 6 
eyes in eacli anterior gi‘oup, 3 in each posterior group. No 
well-developed cephalic gland. Habitat ; W. Australia. 

G. iiiLLTi Hett, 1924 (11). Length 23 to 45 mm. Purple- 
brown dorsally with two bright-red lateral bands extending over 
the anterior two-thirds of the body ; po.sterior end dark ; ventral 
surface light mottled brown. Nephridia numerous and extend- 
ing throughout the body, opening to the exterior by numerous 
pores. Lateral blood-vessels connected with an anastomosing 
vascular network. Sexes separate. 5 reserve stylet sacs. 
18 proboscis nerves. About 80 eyes arranged in four groups, 
30 eyes in each anterior group and 10 in each posterior group. 
Cephalic gland small or wanting, Habitat; N.S. Wales, 
Australia. 

Examination of the species now included under the genus 
Geonemertea makes it clear that some kind of further subdivision 
is necessary, even if the resulting groups are not of generic value. 

65 * 
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Such a grouping has already been suggested by Punnett (13) 
on the following lines : — 

(1) Unstriped forms with no accessory lateral nerve, with a 
small number of proboscis nerves (12 to 15) and possessing an 
excretory system. This group would include G* agricola and 
G. chalicophora, 

(2) Forms with dorsal stripes, with an accessory lateral nerve, 
and with a larger number of proboscis nerves (18 to 25); devoid 
of an excretory system. This group would include Q, palaensia^ 
G. graffi, G, rodericana^ and G. arhoricola. Not far removed 
from these are G, australienais and (possibly) G. novo-zelandice, 
the former possessing an accessory lateral nerve and 18 proboscis 
nerves, but being also provided with an excretory system. 

Since Punnett’s paper, four new species have been described : — 
G, demlyi Dakin (4) and Q* hillii (11) (both of which are 
closely allied to G, auatraliensis Dendy) ; G, spirospermia Darbi- 
shire (5), a striped form with 18 proboscis nerves and an accessory 
lateral nerve; and G, ccaca Darbishire (5), without stripes, 
possessing an accessory lateral nerve and 17 proboscis nerves. 

As noted above, some of the characters which were at first 
chosen for purposes of diagnosis are now discovered to he vari- 
able. This was pointed out by Darbishire (Lc.)^ who showed 
that the number of proboscis nerves and of reserve stylet sacs 
was not a constant one, but varied within certain limits for some, 
if not all, species. For example, the number of prol)oscis nerves 
originally figured for O, anatralienais was 18, and this was used 
as a diagnostic character, whereas, in point of fact, further 
research reveals the fact that the number varies from 16 to 19. 

Another source of error has been the failure in some cases to 
recognize the presence of an exta-etory system. For example, 
Semper (15) described G, palaensis as devoifl of an excretory 
system, but the nephridia were subsequently discovered and 
figured by Schroder (14). 

Any grouping can only be made provisionally in our present 
state of knowledge of the genus, but I would suggest the 
following arrangement : — 

Group A. 

Forms with an accessory lateral nerve and numerous nephridia 
opening by a large number of nepliridial pores to the exterior. 
Blood-vessels unbranched. Two to four pairs of eyes. One or 
more dorsal stripes. 

G. pala^naiSj G. rodericana^ G, graffi, G, arhoricola^ (?) G, novo- 
zelandicB^ (?) G. spirospermia. 

Group B. 

Forms with an accessory lateral nerve and numerous nephridia 
with a large number ©f nephridial pores. Blood-vessels branched. 
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Numerous small eyes in two groups. Dorsal stripes incon- 
spicuous or wanting. 

6r. austrcUiensiSy G, dendyi^ G, hiJUu 
Group 0. 

Forms lacking an accessoiy nerve, the nephridia united by 
paired longitudinal canals and with a relatively small number of 
nephridial pores (5 to 16) on each side. Blood-vessels 
unbranched. Two to four pairs of eyes. Unstriped. 

G, chalicophora^ G, agricola, 

Incert» sedis. 

G, cmca. 

It will be seen that the presence of an excretory system 
(regarded by Puimett (13) as one of the distinguishing features 
of G, chalicophora and 6'. agricola) cannot be considered as 
diagnostic of Group 0, since an excretory system is now known 
to occur also in G, pulaeasis and others ; nevertheless, the two 
species mentioned above are marked off from all the rest by the 
arrangement of the nephridia as well as by the absence of an 
accessory lateral nei*ve. 

A full account of the anatomy of Geoiiemertes has been given 
by several authors, notably by v. Graff (9), Coe (3), Bohmig (1), 
and Schroder (14); hence it will only be necessary to discuss the 
points of special interest. 

Hahitat, — Reference to the list of species on pp. 190-1 will 
show that they are nearly all islaml forms, occurring in moist 
situations from sea-level to a lieight of some 2000 feet. As noted 
above, G, palaensis is the only form which has a wide distribution, 
the other species being described from one locality only. The 
species belonging to Group A are from Malaysia, N. Zealand, the 
Auckland Islands, Polynesia, and the Madagascar region ; tliose of 
Group H from Australia ; of those in Gioup C, one {G. agricola) 
occurs in the Bermudas, while the habitat of the other {G chali- 
cophora) is unknown. It lias been suggested that G, chalicophora 
may be an Australian form because it was found in the hotliouse 
at Stuttgart in a poti containing (hrypha australis, which is an 
Australian palm ; hut of course there is nothing to prove that it 
was not introiluced from elsewhere. It seems more likely that 
it may prove to be a New World form, seeing how closely it 
resembes G. agricola and how much it differs from the other 
Australian species. Coe suggests that G, agricola may not be 
indigenous to Bermuda, but introduce<l by plants; if this should 
be so, then we still need evidence as to the habitat of both these 
species. 

The whole question of the occurrence ainl distribution of 
Geomniertes is thus somewhat obscure. The three undoubted 
Australian species constituting Group B are evidently closely 



904 


MISS MART L. HEirt OK SOME 


allied, and differ considerably from the rest. But the original 
habitats of Q, chaUccphora and G, agricolct (Group 0) are not 
known with certainty, .while the members of Group A are 
scattered over a wide area stretching from the Seychelles to the 
Samoa Islands, The facts of distribution suggest that in some 
cases the species have been introduced with plants or in some 
similar manner, as in the case of O, chalicophora ; but our know- 
ledge is at present very incomplete, and further search will 
probably reveal the presence of Oeonemerits in many other 
localities. 

Size, — This is found to be variable in those species where 
a number of individuals have been observed, and therefore 
this variability probably occurs in other species as well : e. g., 
0, palaensia is stated to vaiy from 15 to 70 mm. in length, while 
G. agricola ranges from 15 to 150 mm. in length. In some cases 
this is due to sex differentiation, the males (or, in liermaphrodite 
forms, worms in the male condition) being smaller than the 
females. In 6?. agricola^ which is viviparoiiK, Coe (8) suggests 
that in some cases the (liflerence was due to the fact that the 
worms became much reduced in size after the extrusion of 
embryos. 

Eyes,-- In most species of Oeoneinertes there is an anterior pair 
of laiger eyes and a smaller pobterior pair. The latter aie some- 
times (lifficnlt to recognize in preserved specimens (even in 
sections) owing to the fact that the pigment is removed to some 
extent by alcohol. Divergence from the usual condition is found 
in three directions : — 

(a) More than one posterior pair of eyes may be present, as in 
G, palaensis, where there are stated to be three pairs in all — one 
large pair directed forwards and two smaller ones directed 
laterally. In the specimens from TJpolu Island described above 
there was some variation ; the eyes were not lecognizable in the 
whole animal, but three specimens were sectioned — in each case 
there was a large pair of eyes directed forwards, but in one 
specimen there were three pairs of smaller eyes, in another there 
were two pairs, and in a third only one could be distinguished. 
The specimens agreed so closely in other reK})ect8 that they cannot 
belong to other species, and one can only conclude that the 
number of smaller eyes is variable. 

(?)) Instead of two pairs of eyes there ma)^ be piesent two 
groups composed of numerous small eyes. These smaller eyes 
are of the same general structure as in the larger' type, but 
relatively simpler. The groups, like the paired eyes of tlie 
species, consist of an antei-ior larger pair and a posterior smaller 
pair, the constituent eyes of each group having apparently 
arisen by siibdivision of the original single eye. This arrange- 
ment is found in Q, australie^isis^ Q, dendy% and G, hillii, 

(c) Eyes may be entirely lacking, as in G, ccBoa, 
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Excretory System. 

In seven out of the twelve species an excretory s}stem has not 
so far been discovered. It is definitely stated to be absent in 
(?. arboricola Punnett, while it was not observed in Q. roderi-- 
canay 0» novo-zelandicey G, graffiy G. ccecuy G^ epirospermiay and 
G, dendgi. An excretory Hystein is present in G, cJudicophoray 
G, agricolay G. palaensisy 0, australiensisy and G, killii. It seems 
probable that further investigations will reveal the presence of 
nephridia in most, if not all, species of Geoneniertes. The flame- 
cells and ducts are sometimes diflicult to identify owing to their 
line structure and slight staining properties, and the ease with 
which they may be overlooked or misinterpreted is illustrated 
by the history of observations on the subject. In three species 
the original observers failed to find an excretory system ; but 
it was subsequently discovered by other workers, viz. by 
Schroder (14) in G. palaensis Semper, by Coe (3) in G, agricola 
Willemoes-Suhm, by Hohmig (1) in (?. chalicophora Graft*. In 
G. auslraliensisy Dendy (7) recognized the presence of flame-cells, 
having identified one in n living condition with the cilia in 
action ; but he could not discover their presence in his sections. 
I was able (11) to demonstrate the presence of an excretory 
system in this species, owing to the courtesy of Prof. Dendy, who 
supplied me with additional specimens from his collection, which 
I sectioned. The nephridia were very small, but they proved 
to be of a similar type to those which I had already discovered in 
G, hillii. and the general arrangement resembled that described 
by Schroder in G.palaeusis. In the latter, however*, the ‘‘ flame- 
cells *’ were mncb longer ainl more easily recognizable, jrnd they 
were rjuite obvious in most of the specimens of G. palamsis from 
Samoa. As in other Nemerteans, the t€»rminal swellings in this 
species are multicellular; they were desci-ihed and figured 
by V. Kennel in 1878, hut their true nature was onlj’^ demon- 
strated by Schroder in 1918. They are characterized by a very 
dihtiiuitive series of circular hands and by two conspicuous cells 
forming the base of the ‘‘flame.” In G. chalicophora and 

agricola the nephridia! tubules are united by a pair of short 
longitudinal canals, and there are a limited number of excretory 
})ores opening to the exterior. But in tlie other cases, i. e. in 
G, palaensisy G. austral iensiSy and G, hillii. there appear to be no 
such canals present, and the nephridia, which are exceedingly 
numerous, open independently to the exterior. 

Beproductive System. 

The sexes may be united or separate, and one species (G. agri- 
cola) is viviparous. Observations on the actual conditions are 
very incomplete and confusing. 

The evidence seems to be conclusive with regard to four species 
only 

G. agricolay which is hermaphrodite and viviparous. 
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G. austraiiemis and G, hUU% which are of separate sexes and 
oviparous. 

G. palaensis, which is hermaphrodite and oviparous. 

The most complete observations so far made were carried out 
on G, agricola by Coe (3), who collected numerous specimens at 
diffei'ent times of the year. The following conditions were 
found : — 

1. Small specimens completely filled with ripe spermatozoa. 

2. Large specimens with developing ova. 

3. Very large specimens with developing embryos. 

4. Large specimen with developing embryos, and, in addition, 
ovaries witli immature ova and testes witli ripe sperms. 

5. Individuals with undifierentiated sexual glands which pro- 
duce both ova and spermatozoa — in addition to differentiated 
gonads which produce ova or sperms only. 

This great variety of conditions shows that it is impossible to 
make statements as to the arrangements of the sexual organs in 
any species without investigating n large number of individuals 
and obtfiiniiig some idea of tlie life- history. 

In G. amtraliensis a number of specimens w^ere obtained which 
were all of one sex, either male or female — the same condition 
was found in G, tliough in the latter case only a few 

individuals were found. In G. dendyi, whidi closely resembles 
these two species, the sexes are also said to he distinct. 

In G. palaensis, v. Kennel (12) ile^Mihed and figured an 
hermaphrodite condition, hi.s specimens containing well- 
developed ovaries and testes lying above the lateral nerve-cords. 
Schroder's (14) specimens contained ova only, from which he 
concluded that the worm is a protandric liermaphrodite. Dr. 
Buxton^s specimens contained well -developed ovaries and also 
young gonads which might have been either ovaries or testes, 
lying both above and below the lateral nerve-cords. 

Of the remaining species : (!)(?. arhoricola is said to be herma- 
phrodite, and a figure shows ova above and testes below the 
nerve-cords. (2) G, chalicoyhora was described as hermaphrodite 
by V. Graff (9), but Bdhmig (1), w^ho examined some of Graff's 
specimens, says that this was an error, and that the sti uctures 
figured by v. Graff as testes were in reality young ovaries. 
Bdhmig’s owm specimens coutaine<l ova only. (3) Q, rodericama 
is said to lie dioecious, but more information is required for 
confirmation. (4) G. graffl^ G. novo zelandice, G, copca, and 
6r. apirospermiu were described fiom single specimens — the first 
three contained ovaries only, the last contained testes only, but 
in the absence of further observations there is nothing to show 
whether these species are dioecious or hermaphrodite. 

From the foregoing account it will be clear that there are still 
many gaps in our knowledge of the genus as a whole, and that 
additional information is required both as to its distribution and 
to important details of structure in many of the species 
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48. Notes ou Uirudo meclicinalis^ the Medicinal Leecl), as a 
liiitisli Species. By W. N. Blaik, F.Z.S. 

[Received May 1(5, 1927 : Read November 1, 1927 J 

Mr, W. A. Harding, in a paper entitled “ A lievision of the 
British Leeches,^’ published in ‘ Parasitology ^ in June 1910, states 
of this leech that “ it ia extinct in this couiitry ” and that “ there 
is very little doubt that it no longer exists in s. wild state,” 
although it was not at all uncommon in several parts of the 
country about fifty years ago. 

In 1909 1 had been bitten by a leech which I had preserved, 
but not attaching any importance to my find, liad not taken 
any trouble to record it. However, when the article was 
brought to my notice in No\ ember 1910, I wrote to Mr. Harding 
and enclosed my one example for identification. He replied 
that mine was a genuine //. medtcinaks^ but he was quite 
sure that it was an escape, or a used leech thrown away by 
a doctor, and that, as he stilted in his recent work, it was 
extinct as a British species, and I should not be able to 
firnl any more. He refused to accept my offer to go with 
me to look for tliein as he was “ not goiiig to waste his 
time on a wild goose chase.” So I went alone, and sent him 
about twenty of iill sizes, suflicient to convince him that they 
incd in the locality, which is the New Forest, Hampshire, 
about 100 miles in area, where they are to b(* tound in most 
ponds and streams, 

Since 191 1, therefore, 1 have given a considerable amount of 
study to their life-history, and now give some results of my 
research. 

The leech being hermaphrodite, the act of copulation, which 
usually takes place about a week after a full meal, may be either 
single or mutual. 1 have had botli, but. have never been able 
to get a British ami a foreign leech to copulate. 

Ill June 1912 I isolated two which i ha<i seen m copiday 
fe<l one, and she <leposite<l a cocoon at the eml of July; both 
were again fed late iu (September before hibernation, and when 
the first was fed in the following May, she deposited two more 
cocoons ; they were botli fed again late in the year for hibernation, 
and the second one, having another meal in May 1914, laid her 
first cocoon, i, 6. about 23 inontlis after the actual act of copulation, 
(Tliey hibernate from about September to May.) 

The cocoons are deposited by the wild leech in liollow's in the 
moss and grass or near stones at the side of the poiul or streams, 
and the leeches are aUo stated to make excavations in the clay, 
but I cannot confirm this. 
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The average size is about that of a pigeon’s egg but varies with 
the age of the parent, as do also the number of cocoons laid and 
the number of eggs in each. When first deposited the cocoon is 
surrounded by about two cubic inches of white froth, which 
gradually dries up or solidifies, and turns brown, the colour of 
the cocoon itself. 

In 1912 1 cut one egg-case open as soon as laid, and found it 
full of a slimy liquid containing a few specks of jelly, the eggs. 
After a few days they bad an amoeboid movement, able to move 
about in any direction in the liquid; in about a week their 
motion was planarian like, and it was three weeks before they 
developed the anal sucker, and the true leech form and marks 
became defined later. In about six weeks they were able to 
force their way through the cocoon and had a meal the first 
day. It seems remarkable that, as long as some of the liquid is 
left in place inside the cocoon, the develojunent of the young 
leech does not seem to be retarded, notwithstanding almost 
daily examination, but if removed before being fully formed 
the embryo cannot survive, nor, apparently, if not fed within 
about a week of normal separate existence. 

Young leeches when wild feed on frogs, tadpoles, and small 
fish, and it is surprising to find the number of such lying 
dead in the ripple marks of ponds or streams, all with the 
characteristic scai* somewhere on them. Jn captivity they 
will feed, as soon as they emerge, on the thin skin of the 
liunjfiii body. When adult they feed, in natural cireumstanees, 
on horses and cattle when these enter the ponds to drmk ; 
as the animals leave so the leeches drop off, some a fail* distance 
away, which is no doubt one means of their survival. Eels 
and lampreys which occur in the same waters are probably 
enemies. 

Wlien newly hatched they require a meal about once a 
fortpight, until their first hibernation; in the second year 
about once a month ; every three months in the third year, 
and when adult only once a year, but unless they are fed 
befoie hibernation they very often do not survive the winter. 
I’hey are large enough to be used medicitially at their third 
year if previously well fed, but do not, 1 think, become sexually 
mature until their fourth year. They grow through life, some 
very large specimens I have seen being over a foot long 
when swimming, and I should say, about ten years old. 

As to the smelling sense of leeches, from my own experience, 
it is the vibration of the mud in which they lie buried that 
rouses them and the motion of the water that attracts them, 
and not any sense of smell, as the water can bo disturbed 
with a stick and no leeches will come to the surface ; but 
on entering the water to paddle and so vibrating the earth 
they may come around by hundreds — some will actually leave 
the water as the hunter goes on dry ground. Although a1nio.>t 
incredible, I have seen this. (1 have caught 250 of a saleable 
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size in one hour from one pond.) Even after disturbing 
the mud, they can, with a stick, be made to swim away 
from the leech-hunter while still in the water. 

The best way to catch them is by this very unscientific 
method, paddling and catching them by hand scissorwise in 
the fingers, when they immediately contract. If put at once 
into a damp canvas bag trailing in the water, leaving the 
water at intervals lo transfer those caught to a tin filled 
with wet bogmoss, any considered too small for use can be 
then thrown back for next year. The very small ones are a 
nuisance, as they can pierce lihe skm well below the surface 
of the water, and when the mud is disturbed and tlie water 
is clouded they have a habit of getting between the toes to 
draw blood ; the large ones, however, do not seem able to 
get sufficient suction until they climb to the moist skin of the 
leg,;t<s^ ahox>e water-leveL At any rate, 1 have never been bitten 
by a mature leech while padclling, as I have been able to 
pick any oft' my legs before they reached the surface. They 
need about twenty seconds before they can cut through the 
skin. 

In wet mild weatlier leeches frequently leave the water 
and travel over land from one pond to another. On one 
occasion, in transferring my catch from the bag to the tin, 
1 dropped one without lioticing it, and although it was a 
very liot day the leech made for the water ; Jis I was enjoying 
a smoke I felt a prick on my leg, and saw this leech having a 
meal in the sun after being on dry ground for about twenty 
minutes and covering two yards of dry sand. 

Living blood is not essential as food bo this leech, as when 
T liave had some in captivity which were too large to feed 
on myself I have found that they will readily pierce a length 
of sheep or pig intestine full of <*ongealed blood obtained 
from a slaughterhouse; in fact, 1 have known obstinate cases 
to thrive if put into a vessel of bloody water for a short time 
once a month, which seems t«> prove that they can gain 
nourishment through their whole surface. As is the case 
with the mosquito, mammalian blood seems to be absolutely 
necessary before copulation and the deposit of a fertile cocoon. 

The colour and markings of mature leeches vary very much, 
but all varieties may be found in the same pond. The ground- 
colour varies from a rich chocolate-brown to a bright green, 
and the typical markings, brown splashes in yellow longitudinal 
lines, may appear as brown spots or as a continuous brown line, 
or the yellow lines may be absent. 

As to cannibalism, fibrard, a French authority, has never 
known it, but I have had one actual instance of a leech, fullfed, 
being bitten by another ; I do not think this is likely to happen 
in a wild state with plenty of open water and food. The bitten 
one died within two days, although I tried to heal it with 
newskin, perhaps heoauee I did. 
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As regards infection conveyed by the bite, there is, 1 believe, 
one German instance of syphilis being conveyed by this means, 
but usually a leech after being used medicinally is thrown away 
or burnt, so that authentic cases are likely to be rare. 

They apparently hibernate in clusters of a dozen or more, all 
sizes, in hoof- marks or holes under the mud, and take turns in 
aerating the water in mild weather. 

In 1916 while in the Army I found a market for one 
afternoon’s catch of seventy as a result of one hour’s work ; 
then 1 went overseas, but after demobilisation in 1919 I supplied 
a thousand to the trade, but was forced out of the market 
when the French specimens came in again in October 1919. 

The British leech seems to be stronger than the continental, 
as I have often found that a bite is followed by i-ather severe 
inflammation wbicb may last for four days. For instance, 
when bitten on the finger by a small one the whole fore- 
arm was swollen for this time, and a bite on the calf of the 
leg meant a swollen ankle for four days afterwards ; this, 
however, may have been due to my attempts to cauterise 
with crude permanganate of potash crystals, thus retaining 
within the system the substance, hirudin, which is injected 
into the bite to prevent coagulation, although it was not 
the case with foreign leeches. A mature leech may remain 
attached for an hour, then it drops off, and if not stopped, 
the blood will continue to flow for about three hours before it 
coagulates; smaller ones take a correspondingly shorter time. 
In these cases 1 have had no bad after effects, even after 
eleven young at once have had a meal. 

I have had no experience of native enemies, but have had 
an instance of some of a brood being eaten by the fish (carp) 
on which I attempted to feed them ; but none that I have 
had died a natural death in my aquaria. I have, however, 
known them to wander about the house and shrivel up in 
dark corners, and they will travel long distances if the weather 
is damp. In 1912 I believe I presented some to the Zoological 
Gardens, but owing to the lack of knowledge of the keeper 
they were not covered over, and before they settled down all 
wandered away from their Aquarium and were lost down 
the drains. 

The Natural History Museum examples are probably all 
(except mine) earlier than 1865, but I suspect they may still 
be found in various parts of the country, although I have 
not been able to find any records. 
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EXHIBITIONS A.ND NOTICES. 

October IStli, 1927. 

Major S. S. Flower, O.B.E., Vice-President, 
in the Chair. 

The SscRB'rARY read the following Report on the Additions to 
the Society's Menagerie during the months of June, July, August, 
and September, 1927 : — 

June. 

The registered additions to the Society's Menagerie during the 
month of June were 733 in number. Of these 379 were 
acquired by presentation, 294 were purchased, 10 were deposited, 
2 were received in exchange, and 48 were born in the Menagerie. 

The following may be specially mentioned : — 

1 White-fronted Capuchin (Cehus apella), 1 Brown Spider- 
Monkey {A teles hyhridus)^ 1 Black Troupial {Quiscalus lugubris\ 
1 Crimson-backed Tanager {Rhamphoccelus dimidiatus)^ 4 Brazilian 
Hangnests {Icte7*U8 jmiaicai), 6 I'ovi Parrakeets {Brotogerys 
jugtdaris)y 3 Orange-winged Parrots (Arnazoita aniazonica)^ 6 
Yellow-fronted Parrots {Amazona ochrocephala)^ from South 
America, presented by 11. M. Tlie King on June 13th. 

An Indian Elephant {Elephas maximiis)^ from India, presented 
by II.H. The Maharaja of Patiala, G.C.I.E., G.O.S.I., G.B.E., 
F.Z.S., on June IGth. 

A Beurjett’s Wallaby (Macropus henneUi\ from Tasmania, 
presented by H.R.H, The Duke of York, on June -8th. 

A Collection from Portuguese East Africa, consisting of a 
Wart-Hog, several Antelope and other mammals, birds, and 
reptiles, collected by H. B. Cott, and received on June 14th. 

July. 

The registered additions to the Society's Menagerie during 
the month of July were 205 in number. Of these 113 were 
acquired by presentation, 50 were purchased, 21 were deposited, 

1 was received in exchange, and 20 were born in the Menagerie. 

The following may be specially mentioned : — 

2 Derbyan Parrakeets (Palceoniis derhyana), from China, one 
presented by H. C. Eustace and one purchased on July 13th. 

2 King Birds-of-Paradise (Cidwmrus regius)^ from New 
Guinea, presented by Lady Guillemard on July 15th. 

1 Twelve-wired Bird-of -Paradise (Seleucides igiiotus), 1 Lesser 
Bird-of-Paradise (Paradisea minor)^ from New Guinea, and 

2 Wilson's Birds-of-Paradise (Sohkgelia wilsmii), from Waigiou, 
purchased on July 19th. 
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4 Steamer Ducks (Tacky erea dnereua)^ from the Falkland 
Islands, presented by Dr. Stanley Kemp, and 6 Yellow-billed 
Sheathbills (Chionia alha)^ from the South Shetlands, presented 
by A. Q. Bennett, on July 29th. 

1 Robber Grab (Birgualatro)ytTom Christmas Island, presented 
by W. Goodfellow, F.Z.S. 


Atjoust. 

The registered additions to the Society's Menagerie during the 
month of August were 338 in number. Of these 87 were 
acquired by presentation, 203 were purchased, 7 were deposited, 
and 39 were born in the Menagerie. 

The following may })e specially mentioned : — 

1 Grevy's Zebra (Equua grevyi)^ born in the Gardens on 
August 4th. 

I Ocelot (Felia pardalia\ from South America, presented by 
Mrs. Leonard Outhwaite on August 9th. 

1 Brazza's Monkey ^feglectus)^ from tlie French 

Congo, presented by the Hon. Mrs. Sandemnn on August 20th. 

1 Chimpanzee J {Anthropopithecua troglodytes)^ from the Gold 
Coast, presented by Artliur Haseriek. F.Z.S. , on August 27th. 

A collection of 17 Humming-Birds from Costa Ricn, comprising 
five species, all new to the Collection, presented by J. Spedan 
Lewis, F.Z.S., on August 21st. 

2 Fischer’s Lovebirds (Agapornia Ji8cheri\ from Victoria 
Nyanza, new to tl\e Collection, presented by G. B, Chapman, 
F.Z.S., on August 27th. 

1 Insular Lory (Eos insylaria)^ from Weeda Island, presented 
by Alfred Ezra, O.B.E., F.Z.S., on August 31st. 

2 Komodo “Dragons” {Varanua komodensis)^ Ivovci Komodo 
Island, Dutch East Indies, deposited by Dr. Malcolm Smith, 
F.Z.S., June 15th ; new to the Collection. 

September. 

The registered additions to the Society’s Menagerie during the 
month of September were 150 in number. Of these 62 were 
acquired by presentation, 37 were purchased, 11 were deposited ^ 
2 were received in exchange, and 38 were born in the Menagerie. 

The following may be specially mentioned : — 

A Mountain-Zebra (Equua zeh'a) S , purchased on September 
6th ; a Burmese Elephant Cow and Calf (Elephaa hidicua)^ 
presented by Alfred Ezra, O.B.E., F.Z.S., on September 24th. 

2 Crimson -breasted Conures (Pyrrhura rhodogaster), from 
Central Brazil, new to the Collection, purchased on September 
5tk. 

A Horned Screamer (Pala/nudea comuta)f from Central Brazil, 
purchased on September 14th. 
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A Twelve-wired Bird-of-Paradise {Seleucides ignotus)^ from 
SalAwati, and two Great Black Cockatoos {Microgloama atarrimv^), 
from the Aru Islands, purchased on September 22nd. 


Mr, 0. H. Donald, F.Z.S., exhibited, and made remarks upon, 
a series of photographs of some Indian Birds of Prey. 

A NEW Race of Arabian Gazelle. 

Captain J. G. Dollman exhibited the mounted head of an 
Arabian Gazelle, and said: — “Through the kindness of H.R.H, 
The Duke of York I am able to exhibit the head of a Gazelle, 
which appears to represent a new and undescribed race of the 
Arabian Gazelle. 1 propose to name this new island race 
QcLzella arabica hanishi^ after the type-locality Great Hanish 
Island, Red Sea. 

“ From the typical Gazelki arahica arabica this form difiers in 
having a much larger and more sharply defined nasal marking, 
the black hairs extending nearly all along the muzzle, whereas 
in arahica this marking is more of an isolated patch. On the 
forehead at the base of the horns there are two black spots, 
which extend down the face almost as far as the dark nasal 
marking. 

“ The general colour of the upper parts is considerably less 
rufous than in the typical race, and the dark flank-stripe appears 
to be more developed. In this latter respect it approaches one 
of the tw'o mainland forms, Gazella arahica erlangeri, fi om north 
of Aden, but is distinguished by its far less rufous colouring 
and larger nasal marking, 

“ Gazella arahica rneppelli, from Syria, is a much paler animal, 
more resembling in colour the Dorcas Gazelle. The typical race, 
Gazella arahica arabica^ came from the Farsan Islands, some two 
hundred miles north of Grejit Hanish Island, the type-locality of 
this specimen. 

“Type: adult male, mounted head in the collection of H.R.H. 
The Duke of York. 

“ Horn-dimensions of the type : length 9 inches, girth 3| inches, 
tip to tip 4^ inches.’’ 


November let, 1927. 

Prof. E. W. MacBride, M.A., D.Sc., F.R.S., Vice- 
President, in the Chair. 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a series of Cinematograph Films he had taken of the 
Chimpanzees now in the Society’s Gardens. 
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Mr. D. Srth^Smith exhibited a eeries of 'ptvotograpbs of a large 
female Chimpanzee belongiixg to Mr. Herbert Whitley of Primlsyv 
near Paignton, Deronshire. She had been obtained in 1922! 
when her weight was 12 lbs. and she was believed to be two 
years old. In March 1925 she grew the first of her second teeth. 
In January 1927 she weighed 8 stone, and in August 1927 
9 stone 9 lbs. 


November 16th, 1927: 

Prof. B. W. MaoBriob, M.A., D.Sc., F.R.8., Vice- 
President, in tiie Chair. 

Mr. D. Setk-Smith, E.Z.S., exhibited, and made remarks upon, 
two living Koalas (Phaacolarctus cinereus)^ now in the Society’s 
collection. 

Sir Arthur Keith, M.D., F.R.S., F.R.C.S., F.Z.S,,and Dr. N. 
A. Dvoe Sharp exhibited, and made remarks upon, a collection 
of Gorilla Skulls. 


Notes on the Gorilla. 

By Dr. Neville A. Dyce Sharp (West African 
Medical Service). 

The 45 gorilla skulls and the 20 chimpanzee skulls exhibited 
this evening were all obtained in the Mamfe division of the 
Cameroon. Three of the formei- may have come from just 
aci*oss the Nigerian border, where I have been able to trace their 
haunts for a considerable distance. Chimpanzees are found in all 
parts of the division, while gorillas are confined to certain well- 
dofined areas where the terrain is steep and the altitude ranges 
from 1200 to 5000 feet above sea-level. 

The majority of the skulls were collected by myself either from 
the houses of the hunters who had shot them or from the back of 
the compound where, after finishing his meal, the hunter had 
thrown them months and even years before. A few came from 
the local “ju-ju houses, where they had hung in the roofs for 
years and had become black with smoke. 

During the past year I endeavoured to make a rough census 
of the gorilla population of my own particular parish, which 1 
f)Mve reason to believe is circumscribed and separate from the 
gorilla haunts to the east. In an area approximately 60 miles 
long by 20 broad I estimated the actual number of adult gorillas 
at 1 80 to 230 individuals. Owing to the difficulty of enumerating 
the younger members of a troop these figures must be regarded 
as erring on the low side. 

An average troop, which for feeding purposes will habitually 
year after year patrol the same area of 20 to 40 square miles 
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ooDsists of one old adult male, possibly one immature male, and 
4 to 6 females with their young. Such a troop will remain 
together for years — until it is broken up by raids on its female 
members by some young and bold male. From native accounts 
this fight for female followers is one of the most thrilling and 
often bloody events that can occur in the forest. Here, then, is a 
most pronounced difference between the marital affairs of the 
gorilla and those of the chimpanzee. For while the gorilla is 
fiercely polygamous the chimpanzee is usually monogamous, and 
only the older members of a chimpanzee party (which to my 
knowledge may number 40 or more) have even two female 
followei’s. A further diflerence is found in the Mamfe area, 
where chimpanzees are very timid and only dangerous when 
wounded, while all male gorillas attack man on sight. 

One of the most remarkable of gorilla habits is their positively 
human love of a bed. All chimpanzees, both male and female, 
adult and young, sleep in trees at heights varying from 30 to 50 
feet, where they make small untidy beds someN\hat like a stork’s 
nest. In the same area gorillas also make beds for themselves, but 
of a far more elaborate character. The big male, however, is not 
arboreal, and invariably makes his bed bn the ground while he 
sends his female belongings and young offspring up trees within 
sight of his bed. It is said that the old man directs his wives to 
their respective trees. I repeatedly tried the experiment of lying 
where the old male had lain, and in every case I was able to see 
from his couch the beds of his several wives. 

The male’s bed may be as much as 9 ft. by 6 ft., and it is as 
like a spring mattress as is possible, considering that it has to be 
of raw forest material. To make it, he selects, clearly with some 
care, a suitable site where by stretching out his long aims he can 
encircle, bend down, and break several young saplings of two to 
four inches diameter. Across these he places stout bi*a,nches 
brought from neighbouring trees, and over the whole spreads a 
thick layer of leaves and twigs, so as to make a couch a foot to 
eighteen inches deep. At the same time, he takes oire to have 
at one side of the bed a stout tree against which he reclines in a 
semi recumbent position. 

His wives, in appropriate trees, select suitable forks on which, 
by reaching out and collecting smaller branches and leaves, they 
make beds three to four feet in diameter. In m*>st beds one 
finds leaves and branches of several varieties, but never of trees 
out of reach of the tree beds. This is an important observation, 
for at first I came to the conclusion that the material for the 
female beds was passed up to them fi-om the ground, presumably 
by the male. My hunters so derided this idea that I examined 
a large number of tree beds with care and found it was always 
possible, given a long enough reach, which the gorilla happens 
to have, to stretch out and secure the varied assortment of 
branches and leaves which I found in each bed. 

In scanty^ forest the bedding is correspondingly scanty. On 
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one oocasion, just before I arrived in the village, four gorillas had 
slept in a plantain farm twenty yaids from the chief’s house. 
The chief it is true passed an uncomfortable night, but so did the 
gorillas judging by the scantiness of tlieir beds, which were all on 
the ground and were made not of plantain leaves but merely of 
that year's weeds and undergrowth. 

It was noticeable at all the l)eds which I examined— a number 
ranging between 70 and 80 — that the bed itself was always kept 
free from droppings, although it was only to be used for one night. 
I estimated the weight of the droppings close under the bed of a 
large male at 25 to .*10 lbs. It seems certain, at least in the area 
to which 1 am referring, that a new bed every night is the in- 
variable rule. This was especially striking on the occasion when 
I secured the photographs which J exliibited,for a party of seven 
gorillas which included two young ones was confined in a small 
area by torrential rains wliich had rendered the sti*eams on all 
sides impassable. Two foolish young gorillas of about 4 to 5 
years of age had tried to cross and were swept away, and their 
broken bodies were recovered just opposite my rest-house three 
miles down stream. The party were therefore compelled to remain 
for a week in a very confined area, yet they persisted in making 
themselves fresh beds every night, and with care it was possible 
to date each bed though many were contiguous. The old male 
moved bis bed site a few yards each night, wiiilo the females 
merely occupied different portions of the same trees. 

It was reported that the only time a gorilla sleeps twice in the 
same bed is when the female has given birth to an infant and 
the latter is as yet too weak to hold on to the hair of her chest. 
The baby gorilla is carried on the chest, the baby chimpanzee 
rides on its mother’s back. I have seen a female chinipanzee at 
very close quarters with two little ones running beside her and 
a baby on her back hanging on to her neck. 

The gorilla is essentially vegetarian though he is fond of grubs 
and caterpillars. His main food, of which he requires a most 
prodigious quantity, is derived from tlie growing point of a 
species of scitamin which resembles the sugar-cane and of which 
he also chews the long stems. When he has a chance of a feed 
on a plantain farm (and I am convinced that he prefers secondary 
bush to virgin forest and deliberately seeks out the haunts of 
man to secure the aftermath of cultivation — the scitamin for 
instance) he neglects the fruit in favour of the stern, which he 
tears into ribbons in order to secure the succulent heart. My 
hunters assured me that the gorilla uill not eat the plantain 
fruit, because, except when overripe, he is unable to remove the 
skin, which contains a white sticky latex. 

I believe it an established fact that the gestation period of the 
gorilla is 9 months. In the Mamfe district, infant gorillas are 
most commonly seen at the time of the early rains, which occur 
about February or March." This might suggest a rutting season, 
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which would, however, be out of keeping with the known habits 
of the gorilla. 

Sir Arthur Keith has referred to some of the anatomical 
features of the skull, but there is, I believe, a further peculiarity 
which I have unfortunately been unable to verify. It applies to 
the great male only, and is not to be found in the female. It 
consists in a very pronounced preponderance in the size of the 
right arm over the left or occasionally in the reverse condition. 
The native of Mamfe who is familiar with the gorilla always 
describes it as the great monkey with a big right arm, and, 
further, when the beast is being cut up and distributed to the 
family, the right aimi takes precedence of the left and is regarded 
as the finest joint after the head, while the left arm is counted 
as quite one of the smaller joints. 

I offer this report for what it is worth, well aware that such 
measurements as have been secured from the bony structures in 
the adult male do not bear this out. Yet it cannot be denied 
that the right and left arms are put to quite different uses when 
the gorilla walks in the semi-erect position. 

The chimpanzee walks on the bent up knuckles, while such 
gorillas as I have been able to study behave as the natives imd 
always assured me they did — that is, they rest the palms of the 
hands on the ground. The imprint on soft ground shows the 
whole surface of the palm and the four fingers only, and often 
merely the tips of these, while the thumb is kept flexed ready for 
grasping small objects such as sticks. The curiously remote 
position of the thumb deprives the gorilla of the powerful gra^p 
whicli lie would otherwise possess, and this is a point of no small 
importance to the hunter, who can often wriggle out of the grasp 
of a gorilla, but only rarely out of the grasp of a wounded 
chimpanzee. 


Mr. Hugh Cott, F.Z.S., exhibited, and made remarks upon, a 
series of photographs taken during liis recent visit to the Zambesi 
region to collect specimens for the Society. 


Proceedings,’ 1927, Part III. (pp. 491-796), was 
published on September 29th, 1927.J 
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Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon, 
(1) a series of Photographs of young Chimpanzees now living in 
the Society’s Gardens and (2) living specimens of Love-Birds 
in the Society’s Collection, 

Mr. R. I. PococK, F.R.S., exhibited, and made remarks upon, 
an unusually marked Leopard-skin from South India. 
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slides and specimens illustrating (a) a special type of Hectocotylus 
in the Octopoda and (6) a reconsideration of the function of the 
Hectocotylus. 
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a paper by Dr. R. Broom, F.R.S., C.M.Z.S., on Sphenosuchiis, 
and the Origin of the Crocodiles.” 
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2ith, 1 ( 07 . 


Major S. S. Flower, O.B.E., Vicse- President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society's 
Menagerie during the month of April, 1927. 

Dr. H. A. Harris communicated his paper on ‘^The Skull 
Form and Dentition of the Primates/’ 

Miss Daphne Aubertin gave a resume of her paper ** On the 
Anatomy of the Land Snails (Helicidie) Cepcea Iwrtensis Muller 
and Cepcea nemoralis Linn.” 

In the absence of the Author, Dr. W, N. F. Woodland’s 
paper on “A Revision of the Tetraphyllidean Oestoda, with 
Descriptions of some Phyllobothriidee from Plymouth ” was taken 
as read. 
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day of publication at the price of Sixpence, or, if desired, sent post-free for 
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Mr. H. H. Bubne, M.A., F.E.S., F.Z.S., eachibited, and made 
remarks upon, inject^ preparations from the Angler-fish and the 
Oed, showing the presence and distribution of vessels of unknown 
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Prof. J. P. Hill, F.R.S., F.Z.S. 

Exhibition of lantern-slides of Echidna Embryos. 

R. I. Pooock:, F.R.S., F.Z.S. 

The Gibbons of the Genus Hybbates. 

Dr. 0. A. Nilsson-Cantell. 

Some Barnacles in the British Museum (Natural History) . 

Robert Gubney, M.A., F.Z.S. 

Zoological Results of the Cambridge Expedition to the Suez 
Canal, 1924. Report on the Crustacea, Copepoda (Littoral 
and Semi-Parasitic). 

P. Esben-Petebsen. 

New Species of Neuroptera Planipenuia in British Col- 
lectiona — IV. 


The following Paper has been received : — 

V. N. Blatb, F.Z.S . 

Notes on Hirudo medioinalU^ the Medicinal Leech, as a 
British Species. 
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The Publication Committee desire to call the attention of 
those who propose to ojffer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

S^cretary^ ZooL Soc, 

Zoological Society of London, 

Regent’s Park, liONDON, N.W. 8. 

May 31s<, 1927. 




No. 290. 


' ABSTRACT OF THE PROCEEDINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON.^ 


June 7tli, 1927, 


Prof. E. W. MagBride* F.R.S., Vice-President, 
ill the Chair. 


The Secretary read e Report on the Additions to the Society’s 
Menafjerie during the month of May, 1927. 

Prof. J. P, Hill, F.R.S., F.Z.S., exhibited, and made remarks 
upon, a remai-kable series of photographs and drawings of 
Echidna and Ornithorhynchm Embryos. 

Dr. H. H. ScoiT, F.Z.S., exliibited, and made remarks upon, 
the Crop-contents of two Ostriches. 

Prof. W. Rowan exhibited, and made remarks upon, a series 
of photogiuphs bearing on the problem of Bird Migration. 

Mr. D. Sbth-Smith, F.Z,8., gave an account of the Birds he 
had seen during visits to the Society’s new Estate at Whipsnade. 


This Abstract is published by the Society at its offices, Zoological Gardens, 
Regent’s Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings/ free of extra charge, 
to all Fellowt who subsoribe to the Publications ; but it uiay be obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of Six Shillings pw annum, payable in advance. 
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Mr. B. I, PocoCK, F.R.S.» F.Z.S., communicated his paper on 
“ The Gibbons of the Genus Hylobaies, ’ 

In the absence of the Authors the following papers were taken 
as read : — Dr. C. A. Nilsson-Oantbll, “ Some Barnacles in the 
British Museum (Natural History)*^; Bobebt Gurney, M.A., 
F.Z.S., “ Zoological Results of the Cambridge Expedition to the 
Suez Canal, 1924. Report on the Crustacea, Copepoda (Littoral 
and Semi-Parasitic)’’; P. Esben- Petersen, “New Species of 
Neuroptera Plauipennia in British Collections. — IV.” 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, October 18th, 1927, at 6.30 p.m. 

A Notice stating the Agenda for the Meeting will be circulated 
early in October. 


Ihe following Papers have been received : — 

W. N. Blair, F.Z.S. 

Notes on Ilirudo medicinalis^ tlie Medicinal Leech,' as a 
British Species. 


H. Harold Soony M.D., F.R.C.P., F.R.S. 

Double Malignant Tumour of Thyroid and Parathyroid in 
an Otter {Lutrck lutra). 

Dr. A. SCHELLENBERQ. 

Bericht fiber die Amphipoden der Cambridge Suez Kanal 
Expedition, 1924. 

The Publication Committee desire to call the attention of 
those who propose to ofier Papers to the Society, to the great 
oost pf paper and printing. Papers shoujd be condensed and 
be limited so far as possible to the description of new results. 
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OommunicatioTiB intended foi* the Scientific Meetings should 
he addi'essed to 


P. CHALMERS MITCHELL, 

Secretary, ZooL Soc» 


ZooLooicAi. SooiETy OP London, 

Uwoent’s Pauk, London, N.W. B. 
June l^th, 1927. 




No. S91 


ABSTRACT OF THK PROCEEDINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON.' 


OeUbw IStb, 1927. 


Major S. S. Floweb, O.B.E., Tice-President, 
in the Ohair. 


The Seobetabt read a Report on the Additions to the Society’s 
Menagerie during the months of June, July, August, and 
September, 1927. 

Mr. C. H. Donald, F.Z.S., exhibited, and made remarks upon 
a series of photographs of some Indian Birds of Prey. 

A NEW Race of Ababtan Gazelle. 

Captain J. G. Dollman exhibited the mounted head of an 
Arabian Gazelle, and said: —* ** Through the kindness of H.R.H. 
The Duke of York I am enabled to exhibit the head of a Gazelle, 
which appears to represent a new and undescribed race of the 
Arabian Gazelle. I propose to name this new island race 
QaaMa arahioa hanishi, after the type-locality Great Hanish 
Island, Red Sea. 


* This Abatraot is published by the Society at its offices, Zoological Gardens, 

Regent’s Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the Proceedings,’ free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Siapetiee, or, if desired, sent post-free for 
the ium of Six SkilUnfs per annum, pa^le in adi^nc^ 
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“ From the typical OtizeUa ardbiea arahica this form differs in 
having a much larger and more sharply defined nasal markingi 
the black hairs extending nearly all along the muzzle^ whereas 
in curahioa this marking is more of an isolated patch* On the 
forehead at the base of the horns there are two black spots, 
which extend down the face almost as far as the dark nasal 
marking. 

The general colour of the upper parts is considerably less 
rufous than in the typical race, and the dark fiank- stripe appears 
to be more developed. In this latter respect it approaches one 
of the two mainland forms, Gazella arahieu erUmgerij from north 
of Aden, but is distinguished by its far less rufous colouring 
and larger nasal marking. 

** QazeUa arahioa rueppelli, from Syria, is a much paler animal, 
more resembling in colour the Dorcas Gazelle. The typical race, 
Gazella arahica arabica, came from the Farsan Islands, some two 
hundred miles north of Great Hanish Island, the type-locality of 
this specimen. 

Type : adult male, mounted head in the collection of H.E.H. 
Tlie Duke of York. 

Horn-dimensions of the type : length 9 inches, girth 3| inches, 
tip to tip 4§ inches.’’ 


Dr. H. H. Scott, F.R.O.P., F.Z.S., communicated his paper 
on ** Double Malignant Tumour of Thyroid and Parathyroid in 
an Otter {Lutra lutra)J^ 


Mr. R. Essex, B.Sc., gave a resume of his paper on “ Studies in 
Reptilian Degeneration.” 


In the absence of the Author the following Oommunication was 
taken as read : — James W. Low, B.Sc., F.Z.S., Contributions to 
the Development of the Pelvic Girdle. II. The Pelvic Girdle in 
the Batrachian Hynohius nshulosua s. EUipsoglossa nehulosa Dum. 
et Bibr,” 



The next Meeting of the Society for Scientific Business will 
be held on Tuesday^ November Ist, 1^27, at 6*30 when the 
following Communications will be made : — 

F, Martin Duncan^ F.Z.S, 

Exhibition of Cinematograph^film of Chimpanzees now in 
the Society *s Collection. 


W. N. Blaib, F.Z.S. 

Notes on Hirvdo medicinalis^ the Medicinal Leech, as a 
British Species. 


Major R. W. G, Hingston, T.M.S., F.Z.8. 

Field-observations on Spider Mimics. 

Miss Mary L. Hett, B.Sc.. F.Z.S. 

Some Land Nemerteans from Upolu Island (Samoa), with 
Notes on the Genus Geonemertes* 


Ihe following Papers have been received : — 
W. I), Matthew. 

The Evolution of Mammals in tlie Eocene. 


F. y CuASEx, C.M.Z.S., and Q. Bopkn Kloss, F.Z.S. 

Spolia Mentawiensis — Mammals. 

Arthur Loveridge, C.M.Z S. 

(A) Notes on Eest African Birds (chiefly Nesting-habits 
and Stoinach-contf*nt8) collected 1926. 

(B) Notes on some East African Invertebrates collected 
1927. 


The Publication Committee desire to call the attention o# 
those who propose to ofi'er Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limiteil so far as possible to the description of new results. 
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Oommunioationci intended fur the Sci«itific Meetings should 
be addressed to 


P. OHALMEBS MITCHELL, 

8eor«kary, Zoal, Soo. 

ZoohooioAL Soowrr or London, 

Bbqsnt’b Pane, London, N.W. 8. 

October 25«ft, 1927. 



No. 29S 


ABSTRACT OF THE PROCEEDINGS 

OV TBE 

ZOOLOGICAL SOCIETY OF LONDON.* 


November let, 1927. 


Prof. E. W. MaoBeioe, F.R.S., Vice-Presideufc, 
in the Chair. 


Mr. F. Martik Duncan, F.Z.S., exhibited, and made remarks 
upon, a series of Cinematograph films he had taken of the 
Chimpanzees now in the Society’s collection. 

Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon, 
a series of photographs of a large female Chimpanzee belonging 
to Ml*. Herbert Whitley, 

Mr. W. N. Blair, F.Z.S., communicated his paper “Notes 
on Ilirudo medicinalis, the Medicinal Leech, as a British Species.” 

Major R. W, G. Hinoston, l.M.S , F.Z.S., gave a resume of 
his paper on “ Field-observations on Spider Mimics.” 

Miss Mary L. Hbtt, B.Sc., F.Z.S., gave a resume of her paper 
on “ Some Land Nemerteans from Upolu Island (Samoa) with 
Notes on the Genus QeonemertesJ^ 


* This Abstract is published by the Society at its offices, Zoological Gardens, 
Regent's Park, N.W„ on the Tuesday following the date of Meeting to wflUch 
it refers. It will be issued, along with the ‘ Proceedings,* free of extra charge, 
to ail Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of ^ ShiUingg per annum, payable in advauoe* 
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The next Meeting of the Society for Scientific Business will 
be held on Tuesday, November 15th, 1927, at 5.3(1 p.m., when 
the following Oommunications will be made : — 

Sir Arthur Keith, M.D., F.R.S., and Dr. N. A. Dyce Shabp. 
Exhibition of Gorilla Skulls. 

Hugh Oott, F.Z.S. 

Exhibition of Photographs taken on the Zambesi. 

W , D. Matthew, F.B.S . 

The Evolution of Mammals in the Eocene. 


F. N. Ohasen, O.M.Z.S., and C. Boden Kix>s8, F.Z.8. 

Spolia Mentawiensis. — Mammals. 

Abthub Lovebidge, C.M.Z.S. 

(A) Notes on East African Birds (chiefly Nesting->habits 
and Stomach-contents) collected 1926. 

(B) Notes on some East African Invertebrates collected 
1927, 


The following Papers have been received : 

Pkbcy Boyoeoft Lowb, M.B., F.Z.S . 

Studies and Observations bearing on the Phylogeny of the 
Ostrich and its Allies. 

B. R. Sbshachab, B.Sc. 

The Sta*ucture of the Skin in some Qenem of the Engysto* 
matid Family (Anura). 
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The Publication Committee desire to call the attention of 
those wlio propose to offer Papers to the Society, to the great 
cost of paper and printirig. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary^ Zool, Soc. 

Zoological Society op London, 

Regent’s Park, London, N.W. 8. 

November Sth, 1927. 




No. 293. 


ABSTRACT OF THE PROt^EEDINGS 


OP THK 


ZOOLOGICAL SOCIETY OF LONDON.* 


November 16th, 1927. 


Prof. E. W. MacBridk, F,R.8., V^ice- President, 
in the Chair. 


Mr. D, Skth-Smith, P.Z.8., exhibited, aud made remarks upon, 
two living Koalas [Fhascolarctas ciuerem) now in the Society’s 
collection. 

Sir Arthur Keith, M.D., P.E.S., F.ll O.S., F.Z.S., and 
Dr. N. A. Dycb Sharpe exhibited, and made lemarks upon, a 
collection of Gorilla Skulls. 


Mr. Hugh Cott, F.Z.S., exhibited, and made remarks u{K>n, 
a series of photographs taken during his recent visit to the 
Zambesi region to collect specimens for the Society, 

Prof. E. S. Goodrich, M.A., F.R.S., F.Z.S., gave a resume 
of a paper by Prof. W. D. Matthew, F.R.S., on “ The Evolution 
of Mammals in the Eocene.’’ 


* This Ahfttraei i« published by the Society at its ofiiees, Zoological Gardens, 
Regent’s Park, N.W., on tlie Tuesday following the dai-e of Meeting to winch 
it refers. It will be issued, along with the * Proceedings,’ free of exira charge, 
to all Fellows who subscribe to the Publicatious ; but it luuy be obtained uu tue 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of SkUling$ per annum, payable iu advance. 
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In tho absence of the Authors, the following papers were teken 
as read -F. N, Ohasek, C.M,Z.8., and 0. Boukn Kloss, F.Z.S., 
Spolia Mentawiensis. — Mammals ” ; Arthur Loveridge, 
O.M.Z.S«, ^*(A) Notes on East African Birds (chiefly Nesting- 
habits and Stomach-contents) collected 1926/^ and ‘‘(B) Notes 
on some East African Invertebrates collected 1 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, February 7th, 1928, nt 5.30 p.m. 

A Notice stating the Agenda for the Meeting will be circulated 
in January. 


The following Papers have been received , 

Percy Rqyoboft Lowe, M.B., F.Z.S. 

Studies and Observations bearing on the Phylogeny of the 
Ostrich and its Allies, 

S. ZuCKERMAN, M.A. 

The Age-changes in the (Jhimpnnzee, with special i-f^ference 
to Growtlx of Brain, Eruption of Teeth, and Estimate of Age, 
with a Note on the Taungs Ape, 

F. F. Laidlaw, M.A,, F.Z.S., and the late H. Oampion. 

Notes on Oriental Dragonflie5 (Odonata) Avith i )eM rjpti<>ns 
of New Species. 

Prof. I), M, S. Watson, F.R.S,, F.Z.S. 

On some Points in the Structure of Pala^oniscid .nud allied 
Fish. 

Eyin K. Sikes, B.Sc. 

The External Morphology and Life-history of tJie (Jocoid 
Bug Orihezia urUcoR Linn, 
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H. a Jambs, B.Sc,, Ph.D., KD.A>, N.DJX 

On the Post-Embryonic Development of the Female 
Genitalia and of other Structures in the Chalcidoid Insect 
Harmolita graminicola Gir. 

H. Harold Soott, M.D.. F.R>O.P., F.Z.S. 

Carcinoma of the Tonsil in a Common Wolf {Caaia lupus)* 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be lirnite(t so far as possible to the description of new results. 


Communications intended for tlie Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 

Hecretanj^ ZooL Soc, 

Zoological Society of London, 

Regent’s Park, Jjondox, N.W. 8. 

yox'einher 22»/cZ, 1927. 
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